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INNOVATIONS  IN  THE  METAUURCY  OF  LEAD. 


By  Dorset  A.  Lyon  and  Oliveb  C.  Ralston. 


INTRODUCTION. 

The  data  reported  in  this  bulletin  arc  Largely  the  resull  of  experi- 
ments conducted  by  the  Salt  Lake  City  station  of  the  Bureau  of 
Mines  in  cooperation  with  the  department  of  metallurgical  research 
of  the  University  of  Utah.  The  work  on  lead  is  only  one  of  the 
phases  of  the  investigations  carried  on  at  that  station  during  the  years 
1914  to  1916.  The  results  of  similar  work  with  zinc  ores  and  with 
copper  and  other  ores  will  be  published  in  future  reports  of  the 
bureau. 

SCOPE    OF    RESEARCH    WORK. 

The  scope  of  the  work  done  at  the  station  is  shown  by  the  follow- 
ing extract  from  a  report  published  by  the  University  of  Utah." 

Although  Utah  has  long  been  a  metal  producer  her  high  standing  us  a  mining 
State  is  due  at  the  present  time  to  the  large  bodies  of  Low-grade  ore  found  within 
her  boundaries,  a  notable  example  of  which  are  the  mammoth  deposits  of  monzonite- 
porphyry  at  Bingham,  which  are  being  mined  by  the  Utah  Copper  Co.  However, 
the  successful  treatment  of  these  low-grade  ores  has  presented  a  problem  which  has 
not  as  yet  been  satisfactorily  solved  in  a  great  many  instances.  It  is  due  to  this  fact 
that  at  its  tenth  regular  session  in  1913,  the  legislature  of  the  State  provided  for  the 
establishment  of  a  metallurgical  research  department  in  connection  with  the  State 
school  of  mines  of  the  University  of  Utah.  As  stated  in  the  act  (Laws  of  Utah,  1913, 
ch.  102,  sec.  2,  pp.  199-200),  providing  for  this  department,  the  purposes  of  this 
research  department  have  been  "to  conduct  experiments  and  research,  either  alone 
or  in  cooperation  with  the  National  Bureau  of  Mines  and  other  agencies,  with  a  view 
of  finding  ways  and  methods  of  profitably  treating  low-grade  ores,  of  obtaining  other 
information  that  shall  have  for  its  object  the  benefit  of  the  mining  industry  and  the 
utilization  and  conservation  of  the  mineral  resources  of  the  State,  and  to  publish 
and  distribute  bulletins  and  articles  relating  to  the  department  and  its  work. 

This  act  became  effective  in  July,  1913.  For  the  remainder  of  that  year  the  research 
work  was  temporarily  directed  by  Prof.  Robert  II.  Bradford,  head  of  the  department 
of  metallurgy  of  the  University  of  Utah,  in  January.  1014,  a  working  agreement 
was  entered  into  with  the  United  States  Bureau  of  Mines,  liy  the  terms  of  this 
agreement  the  work  of  the  metallurgical  research  department  is  under  the  direction 
of  metallurgists  of  the  Bureau  of  Mines  assigned  to  duty  at  the  university  and  Salt 
Lake  City.     From  January,  1914,  to  July,  1916,  Mr.  D.  A.  Lyon,  metallurgist,  was 

a  Wells,  A.  E.,  Report  of  the  department  of  metallurgical  research:  Bull.  9,  Utah  Eng.  Exp.  Station. 
Univ.  of  Utah,  1917,  pp.  4-8. 
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in  charge  of  the  work,  assisted  by  other  members  of  the  metallurgical  staff  of  the 
bureau  assigned  to  duty  at  Salt  Lake  City.     After  organizing  the  work  of  the  station 
at  the  University  of  Utah  and  supervising  the  research  problems  for  nearly  three 
-    Mr.  Lyon  was  assigned  to  duty  at  the  new  station  in  the  Northwest. 

The  staff  at  present  assigned  by  the  Bureau  of  Mines  to  the  department  consists 
of:  The  metallurgist  in  charge,  a  metallurgist,  an  assistant  metallurgical  engineer,  a 
metallurgical  assistant,  a  geologist  and  microscopist,  a  junior  chemist,  a  chief  clerk, 
a  junior  clerk,  and  a  stenographer. 

The  University  of  Utah  is  providing  the  building  and  the  greater  part  of  the  equip- 
ment, and  also  five  metallurgical  research  fellowships  of  the  yearly  value  of  $720 
each.     The  fellowships  are  awarded  to  graduates  of  colleges,  preferably  of  mining 
ils,  who  have  shown  special  aptitude  for  research  investigations.     Their  employ- 
ment extends  ever  the  entire  twelve  months. 

The  administrative  head  of  the  department  is  the  director  of  the  State  school  of 
mines.  No  employee  of  the  United  States  Bureau  of  Mines  has  anything  to  do  with 
the  handling  of  the  funds  appropriated  by  the  State  fur  supporting  the  department. 

The  laboratory  work  of  the  department  is  for  the  most  part  carried  on  in  the 
metallurgical  building.  Due  to  this  fact  the  department  is  in  close  touch  with  those 
in  charge  of  the  work  in  mining  and  metallurgy  that  is  being  carried  on  by  the 
university  for  the  benefit  of  undergraduate  students  doing  work  in  these  subjects. 
Moreover,  it  has  received  valuable  assistance  from  those  in  charge  of  this  work,  and 
in  this  connection  grateful  acknowledgment  is  made  of  the  help  given  by  Dr.  Robert 
H.  Bradford,  professor  of  metallurgy,  and  Robert  S.  Lewis,  professor  of  mining,  to 
those  in  charge  of  the  work  of  the  department  of  metallurgical  research.  Without 
their  help,  and  the  untiring  efforts  of  the  director  of  the  State  school  of  mines,  the 
department  would  not  have  been  able  to  accomplish  the  work  it  has  done. 

The  fellows  selected  by  the  university  authorities  for  the  fiscal  year  1913-14, 
and  the  problems  assigned  to  them,  were:  L.  F.  Pattison,  A.  B.,  University  of  Utah 
(Hydrometallurgy  of  copperj;  W.  G.  Woolf,  A.  B.,  University  of  Utah  (Hydrometal- 
lurgy  of  zinc i ;  0.  H.  Pierce,  A.  B.,  University  of  Nebraska  (Metallurgy  of  copper); 
A.  E.  Gartside,  A.  B.,  University  of  Oklahoma  (Hydrometallurgy  of  zinc);  and 
C.  Y.  Pfoutz,  E.  M.,  University  of  California  (Hydrometallurgy-  of  silver). 

s.  Pattison,  Gartside,  and  Pfoutz  resigned  their  fellowships  at  the  end  of  the 
fiscal  year,  and  those  selected.,  from  a  large  number  of  applicants,  to  take  their  places 
for  the  fiscal  year  1914-15,  and  the  problems  assigned  to  them,  were:  R.  M.  Isham, 
Ph.  D.,  Columbia  University  (Smoke  problems);  C.  L.  Larson,  E.  M.,  University 
of  Minnesota  (Hydrometallurgy  of  lead  t;  and  H.  J.  Morgan,  A.  M.,  Stanford  University 
(Flotation  of  oxidized  ores). 

Messrs.  Isham  and  Pierce  resigned  shortly  after  entering  the  department  and  their 
places  were  taken  by  Messrs.  Herbert  J.  Cutler,  of  the  University  of  Michigan  and 
Frank  Cameron,  of  the  University  of  Utah. 

The  fellows  selected  for  the  year  1915-16,  and  the  problems  assigned  to  them, 
were:  Marvin  J.  Udy,  University  of  Utah  (Hydrometallurgy  of  lead;;  Richard  W. 
Johnson,  University  of  North  Dakota  (Hydrometallurgy  of  zinc);  Clarence  E.  Sims, 
University  of  Illinois  (Electrolytic  precipitation  of  metals);  Glenn  L.  Allen,  Uni- 
versity of  Kansas  'Flotation  of  oxidized  lead  ores);  Harper  C.  Neeld,  University  of 
Nevada  (Concentration' of  oxidized  zinc  oresi;  and  George  F.  Stott,  University  of 
Utah  (Milling  losses  in  Utah). 

The  fellows  appointed  for  the  fiscal  year  1916-17,  and  the  problems  on  which 
they  are  working,  are  as  follows:  Edward  J.  Atckison,  University  of  Oregon  (Ore 
flotation  problems);  Theodore  Erickson,  University  of  Utah  (Utah  hydrocarbons); 
Charles  W.  Frith,  University  of  Utah  (concentration  of  oxidized  zinc  ores);  Arthur 
J.  M'Chrystal,  resident  of  Eureka,  Utah,  Stanford  University  (treatment  of  complex 
sulphides i ;  Grover  J.  Holt,  University  of  Xorth  Dakota  (hydrometallurgy  of  lead); 
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Orel  E.  Young,  Oase  School  of  Applied  Science    hydrometallurgy  of  zinc  .  (.■•'.mini 

D.  Yunili,   I  diversity  of  I  tab.  (flotation  oils);  Clyde  E    Williams,   I  niv< 
l  iali  i  igneous  concentral  ion  of  lead  i. 

B(  side  the  work  initiated  and  conducted  directly  by  the  department  ol  metallurgi 
cal  research,  cooperative  work  has  been  carried  on  with  institutions,  and  mining 
and  metallurgical  companies,  w  lm  have  bad  problems  similar  to  those  upon  which 
the  department  was  working.  In  these  cases,  men  have  been  Bent  to  work  in  the 
laboratories  of  the  department  by  the  cooperating  concerns,  these  men  carryinj 
their  investigations  under  the  same  rule-  as  are  applied  to  the  "fellows  '  of  the 
department.  The  discoveries  which  thej  make  are  the  property  of  the  department 
to  be  given  to  the  people  of  the  state  through  publications  and  othem 

As  cooperators  the  department  has  the  following:  Utah  State  Conservation  Com- 
mission.   (This  institution  subscribes  to  the  salary  of  an  analyst  in  the  departmental 
laboratory  for  examination  of  material   brought  in   by  prospectors  of  th 
McKeever  I  inn  hers,  of  New  York;  Prince  Consolidated  Minis  Pioche,  Nevada- 

Big  Indian  Copper  Co.,  of  Utah;  Grand  Central  MiningCo.,  of  Utah;  Zinc  t  loncentrating 
Co.,  of  Boston;  Utah  Minerals  Concentrating  Co.,  of  Eureka,  Utah;  tinted  St 
Forest  Products  Laboratory,  Madison.  Wisconsin;  and  The  General  Engineering  I 
of  Salt  Lake  City. 

Also,  the  following  individuals  have  cooperated:  E.  H.  Synder,  of  Pioche.  Nevada; 

E.  T.  Cannon,  of  Salt  Lake  City;  Dr.  W.  L.  Ellerbeck,  of  Nephi,  Utah;  Prof.  B    K. 
Benson.  University  of  Washington;  and  C.  T.  Van  Winkle,  of  Salt   Lake  City. 

At  the  present  time  the  annual  appropriation  made  by  the  United  States  Bureau 
of  Mines  for  the  work  in  connection  with  this  station  amounts  to  about  $15,000,  and 
the  authorized  appropriation  of  the  State  of  Utah  is  $7,500.  Also,  outside  cooper- 
ating agencies  are  spending  considerable  money  for  the  specific  work  carried  on  by 
them  in  this  department.  At  the  time  of  writing  this  report,  five  men.  empli 
by  cooperating  concerns,  are  at  work  in  the  laboratories. 

The  Bureau  of  Mines  has  established  at  the  University  of  Utah  probably  the  best 
equipped  microscopic  laboratory  in  the  West  for  metallurgical  research  work.  This 
microscopic  and  metallographic  examination  work  is  being  conducted  by  Dr.  F.  B. 
Laney,  who  was  detailed  to  the  bureau  by  the  United  States  Geological  Survey. 

Below  are  shown  the  amounts  that  have  been  expended  by  the  Tinted  States 
Bureau  of  Mines  and  the  State  of  Utah  in  conducting  the  cooperative  work  whi<  b  is 
being  carried  on  by  the  department  of  metallurgical  research. 


Period. 


U.  S.  Bureau  of  Mines. 


Salaries. 


Supplies, 
etc. 


University  of  Utah. 


Salaries. 


Supplies, 


July  1,  1913-June  30,  1914 
July  1.  1914-June  30,  1915 
July  1,  191 5- J une  30,  1916 
July  1, 1910-June  30,  1917 


$3,070.00 
6, 510. 00 
7,870.00 

18,511.33 


1310.00 
2,967.  19 


$3,340.00 
3,575.58 


$407.72 
2,624.47 
5,170.56 
4,339.05 


PROBLEMS    IN 


TREATING  LOW-GRADE 
LEAD  ORES. 


AND    COMPLEX 


Three  main  problems  in  the  treatment  of  lead  ores  had  troubled 
metallurgists  for  many  years  and  were  still  largely  unsolved  at  the 
time  the  Salt  Lake  City  station  was  established.  These  problems 
were  as  follows : 
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1.  The  treatment  of  lead  carbonate  ores  with  or  without  gold 
and  silver. 

2.  The  treatment  of  complex  sulphides  of  lead  and  zinc  either  with 
or  without  metals  other  than  lead  or  zinc. 

3.  The  recovery  of  sulphide  of  lead  from  the  finely  divided  "slimes" 
of  the  concentrating  mills. 

The  third  problem,  that  of  prevention  of  losses  in  slimes,  was 
being  solved  in  a  number  of  mills  at  the  time  the  station  was  estab- 
lished. Flotation  methods  were  just  beginning  to  attract  the  interest 
of  the  general  public.  After  some  investigation  it  was  decided 
that  the  most  useful  work  of  this  sort  that  the  station  could  perform 
would  be  the  gathering  and  dissemination  of  information  relating 
to  the  flotation  process,  rather  than  testing  samples  of  the  slimes 
submitted,  because  the  flotation  industry  seemed  to  be  in  a  healthy 
condition  and  the  mill  operators  were  willing  to  do  their  own  test- 
ing in  the  attempts  to  prevent  losses.  Nearly  every  lead  concentrat- 
ing mill  of  any  size  that  formerly  suffered  serious  losses  of  galena 
in  slimes  has  now  a  flotation  unit  to  increase  the  recovery  of  metal. 

OXIDIZED  ORES  OF  LEAD. 

In  nearly  every  mining  district  where  lead  is  found  to  any  extent, 
the  lead  in  the  upper  or  weathered  parts  of  the  ore  deposits,  generally 
above  the  level  of  the  ground  water,  is  oxidized,  being  usually  in  the 
form  of  the  carbonate,  and  occasionally  the  sulphate  of  lead.  In  most 
of  the  Western  States  the  lead  carbonate  is,  as  a  rule,  accompanied 
by  silver  and  occasionally  b}r  some  gold  or  copper.  Much  of  this 
'carbonate"  ore  has  been  very  rich,  owing  to  natural  concentration 
by  weathering.  Such  ores  because  of  their  richness  and  their  need- 
ing for  the  most  part  no  roasting  before  smelting  have  contributed 
greatly  to  the  development  of  the  mines. 

Wherever  the  "carbonate"  ore  has  been  low-grade,  however, 
preliminary  concentration  has  been  necessary.  In  milling  such  ore, 
serious  losses  in  the  tailings  often  have  taken  place,  owing  to  the 
well-known  tendency  of  lead  carbonate  to  "slime"  by  breaking  into 
tliin  flakes  that  float  away  with  the  gangue.  The  concentrates 
obtained  by  gravity  concentration  have  usually  been  of  good  grade 
and  in  demand  by  the  smelters.  Dumps  of  these  slime  tailings 
abound  in  almost  every  important  base-metal  mining  district  of 
the  western  United  States,  and  in  regions  where  oxidation  extends 
to  any  depth  there  are  vast  quantities  of  such  low-grade  ores  from 
win  -h  the  high-grade  ore  has  been  gouged  out.  In  fact,  in  many 
districts  the  custom  has  been  to  mine  only  the  ore  of  smelting  grade 
and  to  leave  the  lower  grade  material  in  the  mine.  That  ample1  sup- 
plies of  low-grade  oxidized  ores  of  lead  are  avail  aide  and  that  much 
of  tliis  material  is  being  wasted  can  not  be  doubted. 
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MATERIALS    TESTED. 

The  results  of  analyses  of  representative  samples  of  ores,  tailings, 
and  slimes  containing  oxidized  lead  are  shown  in  Table  1.  All  of 
these  materials  are  not  completely  oxidized,  as  some  of  them  con- 
tain noteworthy  amounts  of  lead  sulphide.  The  sample  from  the 
tailings  dump  of  the  Horn  Silver  mine  contained  a  larger  proportion 
of  the  lead  as  the  sulphate,  anglesite;  also  the  rather  high  zinc 
contenl  oonsisted  of  the  sulphide,  sphalerite.  Hence  a  further  classifi- 
cation of  these  materials  may  he  made,  as  has  been  done  on  page  168, 
when  the  individual  peculiarities  of  each  are  considered  with  regard 
to  its  adaptability  to  various  methods  of  treatment. 

Mineralogical  analysis  of  such  oxidized  materials  is  difficult,  as 
they  are  often  so  " odorous1'  that  individual  minerals  can  not  be 
distinguished,  whereas  the  minerals  usually  have  few  characteristics 
by  which  they  can  be  distinguished  optically  from  each  other.  It 
w  as  found  that  an  idea  of  the  mineralogical  association  of  the  lead 
could  be  obtained  by  treating  the  material  with  certain  solutions.  A 
saturated  solution  of  bt^ine  or  a  neutral  solution  of  ammonium 
acetate,  if  used  in  excess,  will  dissolve  all  of  the  lead  sulphate  in  the 
material;  hence,  this  method  was  used  for  determining  that  con- 
stituent. After  such  treatment  acidified  saturated  brine  (salt  solu- 
tion) or  acid  ammonium  acetate  solution  will  quickly  dissolve  all  of 
the  lead  carbonate.  If  the  material  being  treated  is  left  too  long 
in  contact  with  the  solution,  some  of  the  sulphide  of  lead  will  also 
be.  dissolved,  and  a  short  time  of  contact  with  the  warmed  solution 
was  found  advisable.  As  acidified  brine  was  used  in  one  of  the 
proposed  methods  of  treatment,  this  figure  was  of  practical  value. 
Few  minerals  of  lead  other  than  the  sulphate  and  the  carbonate 
occur  in  such  material  in  commercial  amounts;  hence,  no  other  tests 
were  necessary.  The  molybdate  of  lead,  wulfenite,  and  the  chloro- 
phosphate,  pyromorphite,  can  occasionally  be  found  in  small  amounts. 
In  material  from  the  Nevada  United  mine  the  dioxide  of  lead,  platt- 
nerite,  was  also  identified. 

The  results  of  mineralogica.  analyses  of  some  of  the  materials 
tested  with  respect  to  the  lead  by  the  method  discribed  in  the  pre- 
ceding paragraph  are  shown  in  Table  2. 
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Chief  i  l 

Bora  Silver 

Iron  Blossom,  sample  3... 
Iron  Blossom,  sample  X . 

American  Flag      

Daly  Judge 



do 

lo 

Bcranton 

Wilbert 


Mine  on 



Mine  on 



Mine  oi 





Tailing 


3. 12 

3.21 
5.5 


The  sample  from  the  Horn  Silver  dump  was  the  only  <>n<-  that  con- 
tained any  noteworthy  proportion  of  Lad  sulphate;  hence  the  per- 
centage of  total  lead  present  as  sulphate  was  not  tabulated.  In 
tliis  particular  -ample  the  percentage  of  the  lead  presenl  as  sulphate 
was  15  per  cent.  The  figures  on  sulphide  lead  are  based  on  th<- 
proportion  of  lead  insoluble  in  acidified  ammonium  acetate  solution. 
According  to  this  criterion  a  saturated  solution  of  salt,  acidified  with 
sulphuric  acid,  will  dissolve  considerable  quantities  of  lead  sulphide. 
Small  amounts  of  lead  sulphide  were  present  in  nearly  all  the  ores 
tested,  although  they  are  classed  as  carbonate  or< 

The  amount  of  this  low-grade  material  available  is  hard  to  esti- 
mate, because,  as  a  rule,  much  low-grade  ore  has  been  left  under- 
ground in  mining  the  higher  grade  ore,  but  is  known  to  be  very 
large.  Each  of  the  fading  dumps  mentioned  contains  many  thou- 
sands of  tons  and  there  are  known  to  be  many  similar  dumps  in  all 
of  the  western  base-metal  mining  States.  The  amount  of  low-grade 
ore  left  underground  in  the  Tin  tic  district  of  Utah  is  very  large,  as 
the  zone  of  oxidation  extends  to  a  depth  of  at  least  1,500  feet,  and 
is  known  to  be  much  deeper  in  many  mines. 

As  the  lead  carbonate  is  often  so  intimately  associated  with  the 
oxidized  gangue  minerals  that  it.  is  practically  impossible  to  separate 
the  particles  of  lead  carbonate  from  the  gangue  except  by  fine  grind- 
ing, with  loss  of  lead  in  the  slimes,  and  as  many  lead  carbonate  ores 
refuse  to  respond  to  flotation  processes  that  are  adapted  to  slime 
treatment,  hydrometallurgical  or  pyrometallurgical  methods  are 
the  only  ones  that  can  be  applied  to  many  of  the  carbonate  ores. 
Where  sulphidizing  and  flotation  can  be  applied,  it  will  be  of  great 
value  in  the  treatment  of  these  ores,  as  many  of  them  yield  only  a 
small  proportion  of  their  gross  value  to  gravity  methods  of  con- 
centration. 
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METHODS  OF  TREATMENT. 

Hydrometallurgicai,  pyrometallurgical,  and  flotation  methods  have 
i  worked  out  for  the  treatment  of  the  low-grade  ores,  slimes,  and 
tailings,  and  are  included  in  this  report. 

The  hydrometallurgicai  method  depends  upon  the  fact,  previously 
hinted  at.  that  lead  chloride  and  lead  sulphate  are  soluble  in  a 
saturated  solution  of  sodium  chloride,  and  that  lead  carbonate  and 
lead  oxide  also  can  be  dissolved  if  the  brine  is  acidified  with  either 
sulphuric  or  hydrochloric  aoid.°  Acid-brine  solutions  could  be 
applied  to  any  material  that  does  not  contain  too  much  acid-con- 
suming gangue  to  prevent  practical  application  of  the  method. 
From  such  solutions  it  has  been  found  practicable  to  recover  the 
lead  by  electrolytic  precipitation,  as  metallic  lead,  or  by  the  use  of 
lime,  as  hydroxide  of  lead.  These  facts,  which  seemingly  permit  a 
simple  process  for  the  recovery  of  lead  from  such  low-grade  ores, 
form  the  basis  of  one  of  the  proposed  processses. 

If  such  an  ore  contains  silver  in  forms  other  than  the  chloride  the 
brine  solution  will  not  dissolve  the  silver  and  some  other  step  will 
have  to  be  added  to  the  treatment,  such  as  a  chloridizing  roast  to  pre- 
cede the  leaching.  This  point  has  not  been  worked  out  to  the  same 
extent  that  the  leaching  of  the  lead  has,  .for  the  reason  that  the 
methods  of  chloridizing  silver  are  already  well  known.  Only  a  few 
tests  have  been  run  to  see  whether  the  lead  and  the  silver  could  be 
leached  simultaneously  after  a  chloridizing  roast  for  the  silver. 

The  flotation  of  argentiferous  lead  carbonate  ores  has  been  exten- 
sively tested,  and  on  the  ores  to  which  it  is  adapted  the  results  are 
encouraging.  In  order  to  make  the  particles  of  lead  carbonate  float 
from  a  pulp  of  the  ground  ore  it  has  been  found  necessary  to  form  a 
film  of  lead  sulphide  over  them  by  introducing  soluble  sulphides 
such  as  hydrogen  sulphide  or  sodium  sulphide  into  the  water  in 
which  the  ground  ore  is  suspended.  The  lead  carbonate  particles, 
by  interaction  with  this  material,  are  superficially  converted  into 
sulphide  of  lead.  These  particles  can  then  be  caused  to  enter  the 
froth  of  a  fro  thing-flotation  process.  For  the  ores  containing  silver 
in  forms  that  are  insoluble  in  brine,  flotation  is  also  a  logical  pro- 
cedure. Most  of  the  insoluble  silver  minerals  are  sulphides  and  are 
especially  amenable  to  flotation.  Furthermore,  if  the  lead  is  only 
partly  oxidized  and  is  partly  soluble  in  brine  the  natural  sulphides 
of  lead  might  be  floated  with  the  artificially  filmed  particles.  Hence, 
there  seems  to  be  a  definite  field  for  each  of  the  methods  described. 

i  For  a  preliminary  discussion  of  this  subject,  see  Salt  in  the  metallurgy  of  lead,  by  O.  ('.  Ralston, 
C.  E.  Williams,  M.  J.  Udy,  and  G.  J.  Holt,  Am.  Inst.  Min.  Eng.  Bull.  128,  August,  1917,  pp.  1205-16. 
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SCREEN     ANALYSES     OF     MATERIALS     CONTAINING     LEAD 

CARBONATE. 

Returning  to  a  consideration  of  the  properties  of  the  materials  in 
question,  the  results  of  a  number  of  screen  analyses  are  given  in 
Tables  3,  4,  and  5.  It  is  easy  to  see  why  the  statement  is  often 
made  that  such  materials  tend  to  slime  too  much,  because  the 
percentage  of  lead  in  the  fine  sizes  is  very  large  compared  to  that  in  the 
coarser  sizes.  The  tailing  from  the  Wilberl  dump  contains  some 
lead  in  all  the  sizes,  indicating  that  the  degree  of  crushing  necessary 
to  liberate  all  the  lead  has  not  been  attained. 
30094°— IS— Bull.  157-        J 
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Tabli    i      Results  of  8creenanaly sis  of  material  from  Horn  Silver  dump  " 


i  mi  35-mesh 

On  L8-me  h 

<  >ii  65-meab 

Od  100-mesh..  . 

( >n  150-mesh 

On  200-me  h 
Through  200-mesh 


Cumula- 

/.n 

Pet  a  nl 

1.83 

7.  76 

17.78 

T.ii 

11.54 

6.84 

36.  16 

R  1 

:..  1 

Pb 


1.7 
4.8 
I0.fi 


t'tll 

11.0 

LO 

8.13 

I.  n 

8.  B 

3.  11 

8.  S 

i.  i 

8.  il 

In  ol- 
uble. 


71  2 
64.0 


I    Boll 
Table  5      R<     Itsofi    een  analysis  of  material  from  Wilbert  dump.0 


Size. 

age  of 

Cumula- 
tive per- 

of  weight 

(per 

cent). 

( >n  '•-mesh 

0 
1.32 

3.27 

10.47 

II    • 
It.  71 
16.29 
10.91 

0 

1.32 
■I.  59 

12.64 

23.  1 1 
34.94 
•«9.68 
65.  97 

76.88 
86.97 
100.00 

On  14-mesh 

4. 51 

( »n  20-mesh 

On  28-mesh 

5  52 

On  35-mcsh 

5.  12 

5.42 

<  )n  65-mesh 

4.57 

On  100-mesh 

5.03 

( in  150-nifwh 

4.63 

On  200-mesh 

4.58 

Through  200-mesh 

7   11 

Total 

100.00 

5.34 

«  Analyses  by  C.  L.  1. arson. 

LEACHING  OF  LEAD  FROM  CARBONATE  ORES.0 

At  the  time  the  experimental  work  on  lead  carbonate  ores  was 

initiated  little  was  known  of  the  solubility  of  lead  chloride  or  of  lead 
sulphate  in  strong  brines,  and  hence  the  first  work  done  was  to 
endeavor  to  convert  the  lead  of  the  ore  into  lead  chloride,  which  is 
known  to  be  soluble  in  hot  water. 

The  solubility  of  lead  chloride,  as  given  by  Landolt  and  Bornstein,6 
is  shown  in  Table  6.  A  curve  plotted  from  the  figures  given  in 
Table  6  is  shown  in  figure  1. 

If  a  cheap  method  of  conversion  of  lead  carbonate  into  lead 
chloride  can  be  found,  as  well  as  a  cheap  source  of  heat  for  heating 
water,  the  number  of  tons  of  solution  necessary  per  ton  of  ore  to 
leach  out  the  lead  from  most  of  the  ores  tabulated  would  not  be  large 


a  Experiments  by  C  V.  Pfoutz,  C.  L.  Larson.  M.  J.  Udy    II.  C.  Neeld,  C.  E.  Sims,  G.  J.  Holt. 
Hoses,  J.  F.  Cullen,  C.  E.  Williams,  and  O.  C.  Ralston. 

b  Landolt,  II.  H.,  Landolt-Bornstein,  physikalische-chemische  Tabellen,  1905,  3d  ed.,  p.  564. 
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Table  6. — Solubilit;/  of  lead  chloride. 


Per  cent 

Pb  in 
solution. 

Per  cent 
PbClj  in 
solution. 

Temper- 
ature, °C. 

Per  cent 

Pb  in 
solution. 

Per  cent 
PliCl,  in 
solution. 

Temper- 
ature, °  C. 

0. 475 

1 
.7' 7 

0.637 
1.030 

0.0 
8.0 
19.95 
25.00 

1.156 

1.550 
1 .  892 

1.550 

2.0S0 
2.540 
3.200 

45.00 
65.00 
80.00 
100.00 

PRELIMINARY   TESTS. 

With  this  possibility  in  view,  some  of  the  ores  were  treated  with 
dilute  solutions  of  hydrochloric  acid,  followed  by  washing  with  hot 

water.  Only  small  quan- 
tities of  ore  were  treated 
in  these  tests,  35  grams  be- 
ing the  usual  amount.  It 
was  found  that  the  lead 
could  be  extracted  in  this 
way.  The  next  step  was 
to  use  brine  to  winch 
sulphuric  acid  had  been 
added  in  order  to  gene- 
rate hydrochloric  acid,  al- 
though it  was  felt  that  this 
would  be  a  failure,  as  the 
sodium  sulphate  resulting 
from  the  reaction  of  sul- 
phuric acid  on  sodium 
chloride  should  precipi- 
tate lead  sulphate,  if  no 
soluble  double  salts  are 
formed.  However,  the 
brines  leached  out  the  lead 
in  spite  of  their  containing  sulphates  in  solution.  As  the  final  leaching 
solution  to  be  adopted  was  a  saturated  solution  of  sodium  chloride, 
the  results  of  these  tests  are  briefly  summarized  in  Table  7  following. 
The  ore  treated  was  from  the  May  Day  mine  of  the  Tintic  dis- 
trict, Utah,  and  contained  about  5  per  cent  lead,  and  some  silver. 

In  the  first  series  of  tests  shown  in  this  table  two  variables  are 
involved — the  concentration  of  the  acid  used,  and  the  amount  of 
acid  relative  to  the  weight  of  ore.  The  time  of  contact  with  the 
material  was  of  sufficient  length  to  obliterate  any  effect  of  the  acid 
concentration.  Thus  the  results  of  this  series  of  tests  show  the  effect 
of  the  relative  amount  of  acid  on  the  extraction  of  the  lead  and  on 
the  acid  efficiency.  By  acid  efficiency  is  meant  the  amount  of  acid 
theoretically  needed  to  convert  all  of  the  lead  to  chloride,  compared 
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Figure  1.— Curve  showing  solubility  of  lead  chloride  (PbCl2) 
After  Landolt  and  Bornstein. 
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to  the  I amount  of  acid  actually  consumed.  In  other  words,  if  one 
equivalent  of  Lead  is  extracted  l-.\  an  expenditure  of  acid  equivalent 
to  twice  that  amount  of  lend,  the  acid  efficiency  is  50  per  cent.  The 
acid  efficiency  was  calcuated  in  each  test  by  observing  the  number 
of  grams  of  lead  extracted,  and  also  the  [lumber  of  grams  of  acid 
used  up  by  the  ore.  One  gram  of  lead  theoretically  requires  0:3125 
gram  of  11C1  to  convert  it  to  chloride.  If  twice  tnat  amounl  of  acid 
was  consumed  by  the  ore  for  everj  gram  of  lead  extracted,  the  acid 
efficiency  was  (0.3125-*- 0.6150)     LOO     50  per  cent. 

Table  7.     Remits  of  leaching  oxidized  l&  withdiluU 

oj  hydrochloric  acid. 

by  c.  v.  Pfoutz.] 
[Acid  applied  cold,  folio  wi  thhol  water. 


Volume 

centra  ted 
acid  used. 

Sample 

Tim,"  ,,f 

of 

Acid 

leaching. 

solution 
used. 

efficiency. 

Hours. 

C.c. 

A  1 

18 

100 

1  88 

A  2 

4S 

100 

63 

A  3 

4^ 

100 

71 

H  1 

1 

100 

4.00 

15  i 

40 

II  2 

2 

100 

4.IKI 

B3 

4 

100 

4.00 

Bl 

24 

100 

4.00 

Bo 

48 

100 

4.(K) 

4.",.  7 

CI 

24 

100 

23.4 

C2 

LM 

150 

41.  1 

C3 

L'i 

200 

1.79 

51.0 

70  :< 

The  first  series  of  tests  (series  A)  showed  that  hardly  enough  acid 
had  been  used.  Series  B  was  run  with  slightly  more  acid,  and  the 
time  of  contact  of  the  acid  with  the  ore  was  varied  from  1  hour  to 
48  hours.  The  results  of  this  series  of  tests  shows  that  a  fairly  good 
extraction  can  be  obtained  in  a  few  hours,  but  that  the  acid  efficiency 
increases  slowly.  This  latter  result  is  difficult  to  interpret,  as  it 
seems  to  indicate  that  after  48  hours  more  acid  is  left  in  the  solution 
than  after  24  hours  from  identical  charges.  Regeneration  of  acid  is 
not  probable.  There  is  no  method  of  determining  accurately  the  acid 
content  of  a  solution  containing  metals  such  as  iron  and  lead,  and  it  is 
probable  that  in  the  longer  tests  more  of  the  material  that  affected 
the  end  point  in  titrating  the  acid  had  gone  into  solution.  As  much 
more  important  and  more  nearly  commercial  results  were  obtained 
shortly  afterwards  with  the  use  of  brine  for  leaching,  this  point  was 
not  investigated  further. 

In  the  third  series  of  tests,  series  C.  the  same  weight  of  acid  relative 
to  the  weight  of  ore  was  used,  but  was  diluted  with  different  amounts  of 
water  and  the  concentration  of  the  acid  varied  accordingly.     Seem- 
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ingly  the  more  dilute  acid  converted  a  greater  proportion  of  the 
lead  to  chloride  and  with  a  greater  efficiency  of  acid. 

The  discovery  that  the  brine  solutions  used  in  one  or  more  tests 
were  more  efficient  solvents  of  lead  chloride  was  coincident  with 
several  other  lines  of  evidence  learned  of  at  about  the  same  time. 
The  mills  of  the  Holt-Dern  Co.  in  Park  City,  the  Knight-Christensen 
Co.  in  Silver  City,  and  of  the  Bunker  Hill  and  Sullivan  Co.  in  Kel- 
logg, Idaho,  were  visited.  In  each  of  them  the  use  of  brine  solutions 
for  other  purposes  had  revealed  the  fact  that  the  lead  chloride  formed 
in  the  particular  processes  used  was  soluble  in  brine  solutions  to  a 
greater  extent  than  in  water.     At  the  Bunker  Hill  plant  it  had  been 
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Figure  2. — Curves  showing  solubility  of  lead  chloride  in  brine. 


found  that  sulphate  of  lead  was  likewise  soluble  in  brine.  About 
the  same  time  Demassieux  a  published  the  results  of  measurements 
of  the  solubility  of  lead  chloride  in  solutions  of  salt.  His  results  are 
given  in  the  curves  of  figure  2. 

The  curves  show  that  the  solubility  of  lead  chloride  in  water  is  at 
first  decreased  by  small  additions  of  sodium  chloride,  owing  to  the 
well-known  "common  ion"  effect,  but  that  after  about  5  per  cent  of 
sodium  chloride  has  been  added,  the  solubility  of  the  lead  chloride 
begins  to  increase  within  the  range  of  temperatures  shown  (0°  to 
100°  C),  to  the  point  of  saturation  of  the  solution  with  both  PbCl2 
and  XaCl,  and  finally  falls  to  zero  again  with  a  solution  saturated 
with  XaCl.     The  increase  in  solubility  in  such  solutions  is  usually 

a  Demassieux,  X.,  Equilibrium  between  lead  chloride  and  sodium  chloride  in  aqueous  solutions;  Chem. 
Abs.,  vol.  8,  1914,  p.  1899. 
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ascribed  to  the  formation  of  a  double  Bait  of  the  two  substances 
involved.    No  attempt  was  made  i<»  determine  the  formula  of  this 
double  salt,  as  tin-  increased  solubility  i~>  the  important  fact  in  r  • 
experiments,  the  character  of  the  compound  formed  being  chiefly  <>f 
scientific  interest. 

The  curves  in  figure  2  Bhow  thai  at  any  temperature  between  0° 
and  100°  C,  the  solubility  of  the  lead  chloride  is  greatest  in  the  solu- 
tions that  are  more  concentrated  in  sodium  chloride.  Conse- 
quently all  brines  used  as  Leaching  solutions  in  further  experiments 
were  made  nearly  sat  orated. 

USE    OF    ACIDIFIED   BRINE    FOR    LEACHING. 
FIKST    SERIES    «»i     PRELIMINARl     TESTS. 

To  verify  the   fact    that    lead   chloride  was  soluble  in  saturated 

brine,  three  different  carbonate-of-lead  ores  were  treated  with  brine 
to  which  had  been  added  either  sulphuric  or  hydrochloric  acid.  Five 
tests  of  each  ore  were  made.  In  the  first  three  tests  of  each  ore 
increasing  amounts  of  sulphuric  acid  were  added  to  the  brine;  the 
other  two  tests  were  with  hydrochloric  acid.  Sulphuric  acid  reacts 
with  the  brine  to  form  hydrochloric  acid  and  sodium  sulphate,  and 
it  was  thought  that  the  sodium  sulphate  would  decrease  the  solubility 
of  the  lead  chloride  by  tending  to  precipitate  insoluble  lead  sulphate. 
It  was  found  that  sodium  sulphate  has  no  such  effect  unless  a  con- 
siderable proportion  is  present,  and  later  tests  of  the  solubility  of  lead 
sulphate  in  brines  showed  that  as  a  rule  the  addition  of  sodium 
sulphate  in  proportions  ranging  up  to  about  2  per  cent  of  the  weight 
of  the  solution  tended  to  increase  the  solubility  of  the  lead  sulphate. 
This  is  a  curious  chemical  anomaly. 

As  all  of  the  ores  tested  contained  more  or  less  silver,  and  some 
of  it  was  known  to  be  present  as  chloride,  the  leaches  were  tested  for 
that  metal.     The  results  showed  that  some  silver  was  being  leached. 

In  each  charge  100  grains  of  10-mesh  ore  and  1,000  c.  c.  of  saturated 
brine  (1,210  grams),  into  wmich  the  acid  was  measured,  were  used. 
The  charges  wTere  agitated  in  2.5-liter  acid  bottles  for  2-1  hours.  In 
the  first  three  tests  with  each  ore  the  theoretical,  three  times  the 
theoretical,  and  five  times  the  theoretical  amount  of  sulphuric  acid, 
respectively,  needed  to  convert  the  lead  carbonate  to  sulphate  were 
used.  In  the  fourth  and  the  fifth  tests  the  theoretical  and  five  times 
the  theoretical  amount  of  hydrochloric  acid  needed,  respectively,  to 
convert  the  lead  carbonate  to  lead  chloride  were  used. 

The  results  are  shown  in  Table  8.  Excellent  extraction  of  the  lead 
is  possible  if  sufficient  acid  is  applied,  but  only  part  of  the  silver  is 
extracted.  The  efficiency  of  the  acid  is  lowest  with  the  ores  that 
contain  the  largest  amount  of  soluble  gangue  materials,  such  as  lime, 
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alumina,  and  iron.  The  best  acid  efficiency  obtained  -with  the  Chief 
Consolidated  ore  was  24.6  per  cent,  that  is,  of  all  the  acid  consumed 
only  24.6  per  cent  did  useful  work  in  leaching  lead,  the  rest  of  the 
acid  being  wasted  on  gangue  materials. 

As  regards  the  action  of  hydrochloric  acid  and  that  of  sulphuric 
acid,  there  did  not  seem  to  be  any  great  difference  except  in  a  few 
instances.  Thus  tests  Xos.  1  and  4  on  the  ore  from  the  May  Day  mine 
apparently  showed  that  a  high  extraction  of  lead  was  possible  with 
one  equivalent  of  hydrochloric  acid,  whereas  one  equivalent  of  sul- 
phuric acid  gave  only  a  low  extraction.  With  five  equivalents  of 
acid  present  the  action  seemed  to  be  the  same.  Considerable  care 
was  taken  in  making  up  the  samples,  but  it  is  possible  that 
some  error  crept  into  one  of  these  determinations,  as  there  is  no 
such  marked  discrepancy  in  the  other  results.  Former  experiments 
by  Ralston  and  Gartsidea  had  shown  definitely  that  there  was  no 
difference  in  the  action  of  the  two  acids  in  the  leaching  of  zinc  from 
oxidized  ores.  Most  of  the  data  in  Table  8  tend  to  show  the  same 
result  for  the  lead  carbonate  ores,  although  there  seem  to  be  some 
minor  differences,  probably  due  to  errors  in  the  analytical  work. 

Table  8. — Results  of  leaching  lead  carbonate  ores  in  acidified  brine. 
[Tests  by  M.  J.  Udy.] 


Weight  of 
material. 

Lead. 

Silver. 

Acid. 

Ore.  b 

Ore  in 
charge. 

Tail- 
ing. 

In 
charge. 

In 
tail- 
ing. 

Ex- 
trac- 
tion. 

In 
charge. 

In 
tail- 
ing. 

Ex- 
trac- 
tion. 

Quan- 
tity 
ap- 
plied. 

Quan- 
tity 
re- 
main- 
ing. 

Quan- 
tity 
con- 
sumed. 

Acid 
effi- 
cien- 
cy. 

Per 

Per 

Per 

Oz.p. 

Oz.p. 

Per 

Per 

May  Day: 

Gm. 

Gm. 

cent. 

cent. 

cent. 

ton. 

ton. 

cent. 

Gm. 

Gm. 

Gm. 

cent. 

No.  16 

100 

98.2 

4.29 

3.41 

20.5 

2.50 

2.54 

1.99 

1.99 

20.9 

No.  2 

100 

94.0 

2.29 

.18 

96.0 

2.40 

5 

5.97 

1.10 

4.87 

40.1 

No.  3 

100 

93.7 

4.29 

.12 

97.4 

2.04 

23 

9.95 

5.37 

4.58 

43.0 

No.  4 

100 

97.5 

4.29 

.63 

85.4 

2.00 

25 

1.42 

1.42 

9.1 

No.  5 

100 

93.1 

4.29 

.10 

97.9 

2.18 

16 

7.20 

4.87 

2.33 

63.2 

Chief  Consolidated: 

No.l 

100 
100 
100 
100 
100 

97.9 
93.4 
91.9 
97.1 
89.0 

3.10 
3.10 
3.10 
3.10 
3.10 

2.83 
1.74 

.10 
2.42 

.20 

8.7 
33.0 
97.0 
22.0 
93.5 

6.88 

9.44 
8.02 
4.82 
5.70 
3.94 

30 
17 
43 

1.48 
4.44 
7.40 
1.42 

1.48 
4.44 
7.40 
1.42 
7.20 

8.6 

No.  2 

14.5 

No. 3 

24.6 

No.  4 

16.8 

No.  5 

7.20  ! 

14.2 

Scranton: 

No.l 

100 

100 
100 
100 
100 

93.5 
87.5 
89.4 
92.0 
84.7 

9.02 
9.02 
9.02 
9.02 
9.02 

5.4 
.55 
.98 
5.97 
1.26 

44.0 
94.6 
90.2 
39.2 
88.1 

1.36 

1.08 
1.00 
1.12 
1.32 
1.82 

20.6 
26 
18 
3 

4.29    

4.29 
7.51 
10.00 
3.18 
5.30 

43.9 

No.  2 

12.9 

21.45 
3.18 
15.90 

4.39 
11.45 

10.60 

53.9 

No.  3 

39.5 

No.  4 

39.1 

No.  5 

52.5 

a  Ralston,  O.  C,  and  Gartside,  A.  E.,  Leaching  a  zinc-lime  ore  with  acids:  Met.  and  Chem.  Eng.,  vol.  13, 
191"),  pp.  151-155. 

i>  In  tests  1,  2,  and  3  of  each  series  the  amount  of  sulphuric  acid  used  was,  respectively,  the  theoretical, 
3  times  the  theoretical,  and  i>  times  the  theoretical  amount;  in  tests  4  and  5  the  amount  of  hydrochloric 
acid  used  was  the  theoretical  and  5  times  the  theoretical. 
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ks  i  hese  tests  showed  thai  ii  was  possible  to  Leach  most  of  the  Lead 
from  all  three  ores  tested,  and  with  encouraging  consumptions  of 
acid  for  two  of  them,  a  number  of  other  ores  from  different  Localities 
were  tested  to  determine  whether  they  would  respond  in  like  manner. 
The  results  are  shown  in  Table  9. 


Tabi  i  9      Results  of  preliminary  tests  of  leaching  lead  carbonate  ores  uith  ■ 
[Tests  by  M.  J.  i  dy     1,000  c  c.  ol  brine;  I 


Material  tested. 

Pb. 

Equivalents  ol  acid  a 

Efficiency 
o(  acid. 

i  ion. 

36.0 

71.0 

37.3 

81.0 
93.0 

73.0 

94.6 
95.2 

- 

78.0 
84.5 

9.7 
16.0 

5.6 

38.6 
39.4 
20.2 
61.5 

70.0 
31.4 
60.0 
59.0 

94.0 
94.0 

92.5 

Time 
of 

Applied 

li-.i.  ii- 

Ptr  crnt. 
2  81 
2.81 
2.81 

3.  83 
3.  83 

:..  51 

:.  16 

7.16 

7.  16 
7.16 

7.  16 

1.94 
1.94 
L.94 

1.94 

3.63 

3.  63 
3.63 

15.33 

15.33 

8.69 
8.64 

2.0 
5.0 
8.  I 
11.6 

2.0 
5.0 
7.0 
10.0 

1.0 

2.0 

3.0 

5.0 

2.0 
5.0 

10.0 
None. 

2.0 
5.0 

7Ji 
10.0 

2.0 

5.0 

7.0 

10.0 

2.0 
5.0 
7.0 
10.0 

2.0 
5.0 
7.o 
10.0 

2.0 
6.0 
7.8 
U.2 

2.0 
5.0 
7.0 
8.95 

1.0 
2.0 
2.  17 
3.2 

1.49 
1.97 
1.91 

None. 

.34 

2.11 

2.00 
5.00 

5.26 

1.95 

4.12 
5.34 

1.7 
3.06 

• 
4.4 

18.2 

12.7 

17.3 
12.3 

10.7 
10.2 

63.0 
12.0 
31.4 

-'7.  1 

22.2 

Houti. 
16 

Do 

16 

Do 

l<. 

Do 

•  >rv,  American  Flag  mine 

16 

Do 

16 

Do 

16 

Do 

16 

Tailings  dump,  W'lbert  mine 

24 

Do 

24 

Do 

Do 

24 

16 

Do 

16 

Do 

16 

Do 

16 

Do..                                    

16 

5.  1 
14.6 

.7 
.7 

14.3 
7.8 

2.0 

7.  3 

33.0 

13.9 
10.2 

.53.0 
29.0 
23.0 

20  0 

20 

Do 

20 

Do..                                          

20 

Do 

20 

18 

Do 

18 

Do...                                   

18 

Do 

18 

Ore,  Dalv  Judge  mine 

20 

Do 

20 

Do..                      

20 

Do 

20 

20 

Do..                                

20 

Do..                           

Do.                

20 

a  l  equivalent  of  H2SO«=0.474  pound  per  pound  of  lead. 

In  each  test  a  pulp  consisting  of  1,000  c.  c.  of  brine  to  LOO  grams 
of  ore  was  prepared.  The  leaches  were  agitated  all  night  and  on 
the  next  day  were  filtered  for  analysis.  The  temperature  at  which 
these  experiments  were  run  was  that  of  the  laboratory,  about  20°  C. 
The  extractions  of  lead  from  the  Daly  Judge  carbonate  ore  were 
not  as  high  as  was  expected  from  comparison  with  the  figures  in 
Table  2.  Later  tests  showed  that  it  was  difficult  to  get  more  than 
1  per  cent  of  lead  into  solution  in  a  brine  at  the  laboratory  tempera- 
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fores,  hence  the  use  of  10  volumes  of  solution  to  1  weight  of  ore 
was  slightly  below  the  requirements  for  the  proportion  of  lead  in  this 
ore.  Only  one  type  of  ore,  Iron  Blossom  No.  10,  gave  discouragingly 
low  extractions.  This  ore  was  really  a  silver  ore  containing  a  small 
amount  of  lead.  In  all  of  the  materials  tested  the  silver  content  was 
disregarded  for  the  time  being,  as  the  object  was  to  study  the  lead 
in  as  many  different  ores  as  possible.  As  regards  acid  efficiency 
the  ore  from  the  Scranton  mine  and  the  tailings  from  the  Wilbert 
and  the  Horn  Silver  dumps  seemed  to  use  less  acid'per  unit  of  lead 

extracted  than  the  other 


700 


\ 

^GOO 

% 


\ 


soo 


r 

\ 

o 

— 



\ 

\ 

•j- 

V 

r 

1 

\ 

\ 

\ 

I 

, 

b 

J\ 

^ 

i 

6 

3 

•v 

7 

.5" 

f    , 

V 

f 

H 

6 

4  < 

k 

A 

/ 

\ 

-^ 

V 

samples,  and  further  tests 
were  therefore  made  with 
these  materials. 

The  amount  of  acid  used 
in  each  test  is  expressed  as 
an  equivalent  to  the  lead. 
That  is,  1  pound  of  lead  is 
equivalent  to  0.474  pound 
of  sulphuric  acid  (anhy- 
drous), or,  roughly,  one- 
half  pound,  so  that  in  gen- 
eral 1  pound  of  sulphuric 
acid  should  convert  2 
pounds  of  lead  to  a  soluble 
form,  provided  some  of  the 
acid  is  not  used  up  by  other 
constituents  of  the  ore. 
The  data  in  Table  9  were 
used  in  preparing  the 
curves  in  figure  3,  except 
that  the  results  have  been 
converted  to  the  number  of 
pounds  of  acid  that  gave 
an  extraction  of  a  definite 
number  of  pounds  of  lead  from  a  ton  of  ore.  This  is  the  informa- 
tion that  is  needed  in  any  calculations  as  to  the  financial  possibilities 
of  such  a  process. 

From  these  curves  it  is  evident  that  with  some  of  the  ores  the 
amount  of  lead  extracted  after  adding  more  than  two  equivalents  of 
acid  is  actually  smaller  than  with  less  acid.  This  result  is  probably 
due  to  the  excess  of  sulphate  radical  present  that  tends  to  reprecipi- 
tate  lead  sulphate  from  the  solution.  The  materials  that  acted  in 
this  way  are  the  ones  that  did  not  contain  noteworthy  amounts  of 
acid-consuming  constituents,  and  hence  gave  high  acid  efficiencies. 
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Figure  3.— Curves  showing  relation  of  lead  extraction  to  con- 
sumption of  acid  in  first  series  of  leaching  tests  with  acidi- 
fied brine.  / ,  Iron  Blossom  No.  10  ore;  2,  Iron  Blossom  No.  3 
ore;  3,  Chief  Consolidated  ore;  4,  American  Flag  ore;  5,  tail- 
ing from  Wilbert  dump;  6,  tailing  from  Horn  Silver  dump; 
7,  Scranton  ore;  8,  Daly  Judge  ore. 
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Down  to  Mit1  limit  of  the  amount  of  acid  necessarj  bo  converi  the 
lead  carbonate  to  a  soluble  form  it  is  best  aol  to  use  any  more  acid 
than  such  material  seems  to  require.  With  some  of  the  othermate- 
rials  the  addition  of  more 
acid  always  resulted  in 
the  extraction  of  a  In  t  Le 
more  load. 

THIRD  BERKS  OF  IMM.I.IMI- 
\  \i:v    TESTS. 

Another  sel  of  argen- 
tiferous load  carbonate 
ores  was  treated  in  the 
same  way,  with  the  re- 
sults presented  in  Table 
21  (p.  53),  which  is  in- 
corporated with  the  sec- 
tion on  leaching  such  ores. 
The  data  on  the  lead  ex- 
traction from  these  ores 
have  been  calculated  and 
plotted  in  figure  4,  to 
make  the  results  compar- 
able with  those  in  figure3. 
Although  the  various  ores 
tested  vary  widely  in  lead 
content,  it  is  a  strange 
coincidence  that  in  only  a 
few  ores  will  the  use  of 
more  than  150  pounds  of 
sulphuric  acid  per  ton  of 
ore  give  a  higher  extrac- 
tion of  lead  than  is  obtainable  with  that  amount  of  acid.  In  those 
experiments,  however,  the  mam  consideration  governing  the  amount 
of  acid  used  was  the  possible  extraction  of  the  silver  in  the  ore. 
Therefore  the  data  on  the  lead  extractions  are  only  of  technical 
interest. 

TESTS    OF    TAILING    FROM    WTLBERT    DUMP. 

Two  of  the  samples  that  seemed  to  give  the  best  acid  efficiencies 
were  the  Wilbert  tailing  and  the  Scranton  ore.  These  were  chosen 
for  further  experimentation.  It  was  necessary  to  know  the  mini- 
mum time  required  to  extract  the  lead  and  the  minimum  amount 
of  brine  that  woidd  hold  it  in  solution.  It  also  seemed  possible 
that  the  application  of  stronger  acid  solutions  would  dissolve  the 
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Figure  4. — Corves  showing  relation  of  load  extraction  to  con- 
sumption of  acid  in  second  series  of  leaching  test  3  wi  I  h  acidi- 
fied brine.  /,  tailing  from  Ontario  dun:  -from 
Bullionville  dump;  slimes  from  Eureka  Hill  dump;  4  to  7, 
Michigan-Utah  ores;  8,  Chief  Consolidated  ore;  9,  slimes 
from  Copper  Queen  dump;  10,  Shattuckore;  //,  tailing  from 
Dry  Valley  dump;  tt,  tailing  from  Daly  West  dump;  IS, 
slimes  from  Bullion  Beck  dump;  14,  Nevada  United  ore. 
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lead  faster  than  weaker  acid  solutions  containing  the  same  weight  of  acid 
in  a  greater  volume  of  brine.  All  of  these  points  were  tested  on  a  sam- 
ple of  the  Wilbert  tailing,  of  the  screen  analysis  given  in  Table  5  (p.  19). 
The  charges  consisted  of  100  grams  of  ore,  usually  with  1,000  c.  c. 
of  saturated  brine  unless  otherwise  stated.  The  material  was  placed 
in  ordinary  2.5-liter  acid  bottles,  which  were  placed  on  their  sides 
on  a  cyanide  agitator  and  rolled  over  about  once  every  two  seconds. 
After  agitation  the  contents  were  filtered  on  suction  filters  consisting 
of  a  pump,  flask,  and  a  Buchner  porcelain  funnel. 

These  data  are  presented  in  Table  10.  Some  of  the  results  are 
plotted  in  figure  5.  The  curves  showing  the  effect  of  time  on  the 
acid  efficiency  represent  two  series  of  tests,  one  of  solutions  contain- 
ing two  equivalents  of  acid,  and  one   of  solutions  containing  four 

equivalents  of  acid.  The 
curve  showing  the  per- 
centage extraction  of  the 
lead  represents  the  series 
of  tests  of  solutions  con- 
taining two  equivalents  of 
acid.  The  corresponding 
curve  for  the  results  with 
solutions  containing  four 
equivalents  of  acid  would 
practically  coincide  with 
this  curve,  and  was  not 
plotted.  The  percentage 
of  efficiency  of  the  acid 
when  four  equivalents  are 
used  is  considerably  lower 
than  when  two  equivalents  are  used,  so  both  efficiency  curves  were 
plotted.  The  curves  show  that  there  is  no  advantage  to  be  gained 
by  prolonging  a  leach  for  more  than  two  hours,  either  on  the 
score  of  lead  extraction  or  of  acid  efficiency.  In  fact,  after  two 
hours  both  the  lead  extraction  and  the  acid  efficiency  fall  off  to  some 
extent.  One  would  expect  that  any  excess  of  acid,  on  long  stand- 
ing, would  gradually  waste  itself  on  other  constituents  of  the  ore; 
hence,  the  fall  in  efficiency  of  the  acid  is  easy  to  understand.  It 
may  be  that  on  long  standing  certain  other  constituents  of  the  ore 
would  also  precipitate  some  lead,  as  lead  is  a  metal  that  might  be 
easily  precipitated  from  solution  by  finely  divided  iron  or  particles  of 
other  minerals  such  as  zinc  oxide  or  zinc  sulphide. 

As  these  tests  showed  that  two  hours  of  leaching  was  sufficient,  it 
was  thought  that  a  series  of  leaches  of  varying  acidity  might  re\  eal 
the  most  advantageous  concentration  of  acid  to  use.  However,  the 
percentage  of  extraction  of  lead  and  the  acid  efficiency  seemed  to 
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Figure  5.— Curve  showing  effects  of  time  on  lead  extraction 
and  acid  efficiency  in  leaching  Wilbert  tailing  with  acidified 
brine. 
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be  unaffected,  or  al  leasl  were  no1  affected  in  2-hour  leaches.  The 
strength  of  the  acid  solution  may  possibly  have  Borne  effect  on  the 
ex1  raction  or  on  the  acid  efficiency  in  leaches  of  less  than  two  hours' 
time.  Tins  poinl  was  uol  investigated,  as  the  results  of  the  former 
scries  of  tests,  with  two  of  the  extremes  of  arid  coneentration  used, 
showed  thai  about  (\\<>  hours  of  contact  between  the  solution  and 
the  ore  \\  as  nee.  Id  I  to  get  the  mosl  satisfactory  extraction. 

Taim  i.  LO.  -  Ri  icMng  Wilberi  tailing  wit) 

■  by  M..I.  i 


solution. 

Volume 
Of  brine. 

effl- 

Hon  <>f 
lead. 

Time. 

Concen- 

\.-i.l 

tration. 

equiva- 
lent. 

Cuhic  cm- 

Hours. 

. 

24 

1,000 

2.0 

!2.n 

» 

1,000 

.442 

2.0 

17.5 

6 

1,000 

.  142 

2.0 

51.6 

1 

1,000 

.  142 

2.0 

2 

1,000 

.  1 12 

2.0 

1.  5 

1,000 

.  II-' 

2.0 

68.0 

1 

1,000 

.  1 12 

2.0 

mine  minimum  tin 

0.5 

1,000 

2.0 

■  y  • 

24 

1,000 

.884 

1.0 

28.  1 

'II. o 

B 

1,000 

.884 

4.0 

6 

.884 

4.0 

93.0 

4 

1,000 

.884 

1.0 

19.  7 

2 

.884 

).n 

37.2 

91.0 

2 

.  1 12 

2.0 

54.5 

2 

1,000 

91.0 

2 

•  1,000 

. 

of  strength  "f  acid 

2 

1,000 

.771 

:;.  5 

91.  "> 

in  short-tin 

2 

1,000 

1.0 

37.  2 

2 

1,000 

. 

1.5 

2 

1,090 

.  1 12 

2.0 

900 

.  19 

2,0 

62.0 

.' 

700 

2.0 

•.U.ii 

2 

500 

.884 

2.0 

2 

400 

1.  M2 

2.0 

W.  o 

91.."; 

termine  minimum  amount   ol 

2 

1,000 

. 

1.5 

87.  •» 

brine  ! 

2 

900 

.369 

1.5 

98.0 

2 

700 

1.5 

98.0 

2 

500 

1.5 

2 

400 

1.5 

The  solubility  curves  for  lead  chloride  in  brines  (fig.  2,  p.  22) 
indicate  that  at  ordinary  room  temperatures  (about  20°  C),  solu- 
tions containing  as  much  as  1.5  percent  lead  when  saturated  with 
respect  to  lead  can  he  obtained.  Such  a  concentration  could  not  be 
expected  in  practice,  hut  it  might  be  possible  to  get  solutions  con- 
taining considerably  more  than  1  per  cent  of  lead.  Heme  a  series 
of  tests  were  run  to  determine  the  minimum- amount  of  brine,  of  a 
given  strength,  necessary  to  leach  the  lead  from  theWilbert  tailing, 
as  in  the  previous  tests  leaches  consisting  of  1 ,000  c.  c.  of  brine  to  100 
grams  of  ore  that  contained  only  5.5  per  cent  of  lead  had  been  used. 
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With  complete  extraction  of  the  lead  such  a  leaching  solution  would 
contain  only  0.5  per  cent  of  lead. 

Two  series  of  tests  with  decreasing  amounts  of  brine  were  tried — 
one  with  solutions  containing  2  equivalents  of  acid  and  the  other  with 
solutions  containing  1.5.  The  leaches  containing  less  brine,  there- 
fore, had  higher  concentrations  of  acid,  although  the  total  amount 
of  arid  was  either  2  or  1.5  equivalents  in  every  test.  As  the  results 
of  the  previous  series  of  tests  had  shown  little  or  no  effect  due  to  acid 
concentration,  any  effects  shown  by  .these  two  series  were  probably 
due  to  causes  other  than  acid  concentration.  Leaches  Avere  success- 
ful down  to  the  point  where  400  c.c.  of  brine  to  100  grams  of  tailing 
was  used,  when  the  lead  extraction  fell  off  slightly  in  the  series  con- 
taining 1.5  equivalents  of  acid.  The  acid  efficiency  was  not  affected. 
These  solutions  contained  almost  1.2  per  cent  lead.  Therefore  1  per 
cent  lead  was  chosen  as  the  probable  maximum  in  practical  work  at 
temperatures  of  about  20°  C,  and  many  of  the  later  experiments 
were  so  planned  that  there  would  always  be  1  volume  of  cold  brine 
for  each  1  per  cent  of  lead  in  the  ore.  Thus  the  Wilbert  tailing,  con- 
taining 5.5  per  cent  lead,  could  be  leached  with  about  550  c.  c.  of 
brine  for  every  100  grams  of  ore.  As  the  brine  had  a  specific  grav- 
it}-  of  about  1.2  at  room  temperatures  this  rule  will  give,  roughly, 
solutions  containing  somewhat  less  than  1  per  cent  of  lead.  Hence 
a  pulp  ratio  slightly  less  than  that  given  by  the  rule  will  still  have  a 
large  factor  of  safety.  In  countercurrent  decantation  it  would 
probably  be  safe  to  use  pulp  ratios  that  would  give  solutions  more 
nearly  saturated  with  lead. 

TESTS    OF    MATERIAL    FROM    SCRANTON    MINE. 

The  results  of  a  series  of  tests  on  the  Scranton  ore,  similar  to  the 
series  on  the  Wilbert  tailing,  are  recorded  in  Table  11.  Unlike  the 
results  with  Wilbert  tailing,  as  good  an  extraction  of  the  lead  was 
made  in  one-half  hour  as  in  24  hours,  and  the  efficiency  of  the  acid 
was  the  same  throughout  the  series.  This  indicates  that  practically 
all  of  the  chemical  reactions  liable  to  take  place  had  been  completed 
during  the  first  half  hour.  As  there  are  few  types  of  modern  agi- 
tating or  leaching  machinery  that  will  receive  and  discharge  the 
ore  to  be  leached  in  less  than  a  half  hour,  no  tests  were  made  for  a 
shorter  length  of  time.  The  acid  requirements  of  this  ore  are  such 
that  a  solution  containing  more  than  1.5  equivalents  of  acid  must 
be  used  before  the  maximum  extraction  of  lead  is  possible.  The 
brine  requirements  of  the  ore  are  shown  in  the  third  series  of  tests 
to  be  about  700  c.  c.  of  brine  to  every  100  grams  of  ore.  As  the 
ore  contains  8.65  per  cent  lead,  the  leaching  solutions  could  be  built 
up  to  a  strength  of  1.03  per  cent  lead  under  conditions  that  would 
give  a  maximum  extraction  of  lead. 
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Table  1 1 .     Results  of  lecu 

•■  r. 


Strength  ol 

solution. 

Time 

..[ 
leach- 
ing. 

Volume 
ol 

■ 

l>rint>. 

Concen- 
tration. 

equiva- 
lent. 

ii 

/'.  r  r,  nl. 

1,000 

0.680 

2.0 

- 

[,000 

.680 

6 

4 

1,000 
1,000 

.680 
.680 

91.0 
94.0 

e  minimum  i  im<'  of  con- 

2 

1,000 

.680 

1 

1,000 

.680 

2.0 

i 

1,000 

• 

64,0 

2 

1,000 

.340 

1.0 

2 

1,000 

.51 

1.5 

2 
2 

1,000 
1,000 
1,000 

.68 
1.02 

1. 19 

2.0 
3.0 
3.5 

•  termine  minimum  amonnl  of 
:  required. 

2 

1,000 

4.0 

91.0 

2 

1,000 

1.  XI 

4.5 

2 

1,000 

.6S0 

2.0 

94.5    1 

2 
2 

900 
700 
500 

.971 

2.0 
2.0 

2.0 

48.0 

59.0 

letermine  minimum  amount  of 
£r  n   1    brine  reqc 

1 

2 

400 

1.700 

2.0 

48.0 

EFFECT  OF  SULPHATES  IN  BRINES. 

If  any  Leaching  process  is  employed  for  removing  lead  by  the  use 
of  saturated  brine  acidified  with  sulphuric  acid,  the  building  up  of 
sodium  sulphate  in  the  solution  as  the  result  of  the  action  of  sul- 
phuric acid  on  sodium  chloride  might  reach  a  point  where  the  solu- 
bility of  the  lead  chloride  in  the  brine  would  be  seriously  affected. 

PRELIMINARY  TESTS. 

In  order  to  determine  how  much  sodium  sulphate  would  do 
this,  a  series  of  rough  solubility  tests  were  made  in  the  laboratory 
of  the  Bunker  Hill  &  Sullivan  Mining  lV  Concentrating  Co.  at  Kel- 
logg, Idaho,  by  W.  J.  Winninghoff.  The  results  of  these  determi- 
nations are  given  in  Table  12  following. 

Table  12. — Results  showing  effect  of  sodium  sulphate  on  solubility  of  lead  sulphate  in 

brine  solul 

[Tests  by  W.  J.  Winninghoff.] 


Xt;S04 

Lead  in  solution  at— 

Total 

added,  srram? 

content 
(at  21.5°  C). 

per  100  c.  c. 
of  brine. 

96.5°  C. 

21.5°  C. 

Grams  per 

Grams  per 

Grams  per 

100  c.c. 

100  c.  c. 

100  c.  c. 

0 

4.000 

1.440 

1 

3.540 

1.  4. ".5 

2 

2.590 

1.520 

3 

2.000 

1.750 

1.937 

4 

1.  715 

1.692 

5 

1.495 

1.  475 

2.300 

6 

1.210 

1.115 

- 
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The  tabic  shows  that  the  solubility  of  the  lead  increased  with 
additions  of  sodium  sulphate  ranging  up  to  about  3  per  cent  to 
brines  at  ordinary  room  temperature  and  then  fell  off.  The  maxi- 
mum solubility  of  lead  in  heated  solutions  (96.5°  C.)  was  in  brines 
uncontaminated  with  sodium  sulphate.  Tests  at  ordinary  tempera- 
tures by  the  writers  once  resulted  in  a  solution  containing  1.8  per  cent 
lead,  which  is  very  close  to  Winninghoff's  figure,  1.75  per  cent  lead, 
when  the  amount  of  sulphur  in  the  solution  was  about  0.646  per  cent 
(equivalent  to  1.94  per  cent  H2S04). 

As  small  proportions  of  sodium  sulphate  in  the  brine  do  not  impair 
the  solubility  of  the  lead  compounds,  sulphuric  acid  can  be  used  for 
acidifying  the  brine,  provided  the  sodium  sulphate  is  not  permitted 
to  build  up  too  high  in  the  solution.  All  of  the  various  tables  of  the 
solubility  of  sodium  sulphate  in  brines  that  are  available  in  the  litera- 
ture show  that  in  saturated  solutions  of  NaCl  it  is  possible  to  dissolve 
only  a  small  amount  of  sodium  sulphate,  and  in  order  to  bring  any 
serious  amomit  of  sodium  sulphate  into  solution  more  water  must 
be  added.  This  would  handicap  the  millman  by  necessitating  the 
use  of  saturated  solutions  -of  NaCl  in  order  to  keep  the  solutions 
from  fouling  with  sodium  sulphate.  Most  mills  using  such  a  solution 
for  treating  lead  ores  would  have  to  precipitate  the  lead  from  the 
solution  and  use  the  solution  cyclicly,  and  any  budding  up  of  sodium 
sulphate  would  prove  fatal  to  the  process.  This  objection  would  not 
apply  to  mills  on  the  shores  of  the  Great  Salt  Lake  because  the  lake 
brine  is  nearly  saturated  with  salt,  and  a  constant  supply  of  brine 
would  be  available  at  low  cost.  At  mills  situated  in  isolated  localities 
the  tailing  could  be  washed  and  salt  solution  recovered,  unless  the 
recovered  salt  proved  to  be  of  too  little  value  to  pay  for  the  trouble  of 
carrying  a  wash  solution  which  was  gradually  being  built  up  to 
sufficient  concentration  to  be  used  as  leaching  solution.  These  con- 
siderations are  discussed  further  in  another  part  of  this  bulletin. 

OTHER   TESTS. 

To  further  test  the  effect  of  sodium  sulphate  on  the  solubility  of 
lead  sulphate  in  the  brines,  C.  L.  Larson,  in  charge  of  the  experimental 
work  at  the  Bunker  Hill  and  Sullivan  mine,  performed  the  following 
tests.  A  saturated  solution  of  salt,  prepared  at  a  temperature  of 
17°  C,  was  found  to  contain  192  grams  of  lead  per  liter  and  0.36 
gram  of  sulphur.  To  this  solution  was  added  an  excess  of  PbS04 
and  the  whole  agitated  for  3  hours  at  a  constant  temperature  of 
17°  C.  The  resultant  solution  contained  171  grams  of  chlorine,  7.56 
grams  of  sulphur,  and  14.95  grams  of  lead  per  liter.  This  test  showed 
that  at  least  part  of  the  lead  sulphate  had  reacted  with  salt  to  form 
lead  chloride  and  sodium  sulphate,  and  that  the  excess  lead  chloride 
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and  Bodiuxn  sulphate  wen-  left  on  the  bottom  of  the  container.  A 
similar  procedure]  carried  on  at  8  <'.,  gave  a  resultant  solution  con- 
taining 1 70  grams  of  chlorine,  7.35  grams  of  sulphur,  and  L3.3 1  grame 

of  lead  per  liter.  The  results  of  these  tests  show  thai  the  solubility 
of  the  lead  compounds  decreases  with  decrease  of  temperature  and 
that  the  estimate  of  l  per  cent  lead  being  the  proper  maximum  to  use 
in  practical  work  is  probably  correct. 

Larson  found,  on  treating  a  solution  with  excess  of  sodium  sulphate 
and  o(  lead  chloride,  that  the  resultant  solutions  contained  15.80  and 
7.98  grams  of  lead  per  liter  at  17°  and  8°  ('.,  respectively.  These 
figures  show  fair  agreemenl  with  the  results  of  the  tests  in  which  an 
excess  of  lead  sulphate  alone  was  added,  as  the  excess  of  lead  sulphate 
probably  reacted  with  sodium  chloride  to  form  sodium  sulphate.  The 
sodium  sidphate  undoubtedly  lowers  the  solubility  of  the  lead  com- 
pounds in  the  solution,  when  conditions  are  such  that  sodium  sul- 
phate is  formed  and  thereby  displaces  sodium  chloride  in  the  solu- 
tion. Subsequent  tests  showed  that  as  long  as  the  proper  concen- 
tration of  chlorine  in  the  solution  could  be  maintained  the  solubility 
of  the  lead  compounds  was  not  lowered,  irrespective  of  the  propor- 
tion of  sulphur  present.  In  this  regard  it  would  be  of  scientific 
interest  to  determine  the  solubility  of  the  reciprocal  salt  pair, 
PbS04-PbCl2-2XaCl-Na2S04. 

Several  times  solutions  left  out  on  a  cold  night  lost  their  sodium 
sulphate  by  crystallization  at  the  low  temperatures.  This  happened 
both  in  experiments  at  the  Bunker  Hill  &  Sullivan  laboratory  and  in 
the  Bureau  of  Mines  laboratory  at  Salt  Lake  City.  This  illustrates 
the  Hoepfner  method  of  removing  sodium  sulphate  by  refrigeration, 
winch  Hoepfner  proposed  to  use  in  his  process  for  leaching  zinc  ores. 
No  attempt  was  made  to  apply  this  fact  in  the  experimental  work 
on  lead  ores,  but  it  suggests  a  possible  method  of  removing  sodium 
sulphate  from  the  brine  solution  whenever  it  builds  up  to  a  dangerous 
proportion.  The  water  of  the  Great  Salt  Lake  is  continually  ridding 
itself  of  its  burden  of  sodium  sulphate  hi  this  way.  In  wintertime 
this  ''winter  salt"  crystallizes  out  and  is  driven  on  shore  by  the 
wind,  where  it  quickly  dries  and  is  blown  away.  However,  F.  G. 
Cottrell,  chief  metallurgist  of  the  Bureau  of  Mines,  suggested  that 
the  best  way  to  clear  the  brines  of  sulphates  would  be  to  add  calcium 
chloride  to  the  solution  in  order  to  precipitate  the  sulphur  as  insoluble 
calcium  sulphate.  Calcium  chloride  is  a  by-product  hi  a  number  of 
the  heavy  chemical  industries  and  can  be  bought  at  a  low  price  or 
prepared  rather  cheaply  in  almost  any  locality.  This  step  proved  to 
be  so  easy  in  manipulation  that  the  problem  of  refrigeration  was  not 
taken  up. 
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CYCLIC    LEACHING. 

To  determine  whether  solutions  would  foul  in  cyclic  work,  two 
series  of  cyclic  leaches  were  designed.  In  one  of  them  it  was  pro- 
posed to  precipitate  the  lead  from  solution  as  a  basic  hydroxide  by 
the  use  of  lime  or  milk  of  lime.  In  the  other  it  was  proposed  to 
recover  the  lead  by  electrolysis.  Much  of  the  preliminary  work  in 
developing  the  processes  that  were  worked  out  was  on  solutions  pre- 
pared from  roasted  sulphide  ores.  A  description  of  those  experiments 
will  be  found  under  "Sulphide  ores  of  lead,"  on  pages  125-137. 
The  begimiings  of  the  completed  idea  were  worked  out  at  the  experi- 
mental plant  of  the  Bunker  Hill  &  Sullivan  company  at  Kellogg, 
Idaho,  by  F.  G.  Cottrell,  chief  metallurgist  of  the  Bureau  of  Mines, 
and  R.  S.  Handy,  superintendent  of  the  mill.  This  plant  had  been 
built  for  testing  the  Bunker  Hill  ore  with  the  Malm  dry-chlorination 
process.  This  process  proved  not  to  be  adapted  for  the  high-lead, 
low-zinc  ore,  but  certain  chemical  facts  were  noticed  that. led  to 
proposed  processes  whose  modification  in  the  laboratory  at  the  Salt 
Lake  City  station  resulted  in  the  process  that  was  ultimately  worked 
out. 

LABORATORY   LEACHING   TESTS. 

Material  from  the  Horn  Silver  tailing  dump,  Frisco,  Utah,  was 
chosen  for  cyclic  leaching  tests,  as  in  the  solubility  tests  this  material 
had  promised  high  yields  of  lead  with  good  acid  efficiency,  and  it 
contained  enough  acid-soluble  impurities  to  foul  the  solution  provided 
the  impurities  of  a  tailing,  slime,  or  ore  could  do  so.  The  sample 
was  a  grab  sample  taken  from  the  surface  of  the  dump. 

PROCEDURE    AND    RESULTS. 

Two  separate  series  of  small  laboratory  leaches  were  made.  In 
one  the  intent  was  to  precipitate  the  lead  by  means  of  calcium 
hydroxide;  in  the  other,  to  precipitate  the  lead  by  electrolysis. 
Later,  some  larger  scale  tests  were  made  in  which  precipitation 
with  lime  was  used. 

The  results  obtained  by  precipitation  of  the  lead  as  hydroxide 
are  shown  in  Table  13.  The  work  covered  24  complete  cycles  of 
leaching  a  charge  of  material  with  brine  and  precipitation  of  the 
lead  from  the  brine  with  lime. 

Too  much  acid  was  added  to  the  brine  in  the  first  leaches  so  that 
the  solutions  were  never  quite  neutral  and  the  amount  of  impurities 
dissolved  was  excessive.  By  reducing  the  amount,  of  acid  used,  the 
lead  went  into  solution  better  and  a  much  better  grade  of  precipitate 
was  obtained.  The  lime  for  precipitation  was  always  slaked  in  brine 
in  order  to  prevent  dilution  of  the  brine  leaching  solution. 
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These  leaches  were  applied  in  a  count ereiirrent  decant  at  ion  system 
devised  by  the  experimenter,  M.  J.  Udy.  A  number  of  leaching 
vessels  wore  made  by  cutting  off  the  bottom  and  lower  part  of  2.5-liter 
acid  bottles  of  the  ordinary  type.  The  cut  bottle,  on  being  inverted, 
resembled  the  ordinary  Pachuca  tank,  common  in  cyanide  work. 
A  rubber  stopper  with  a  glass  tube  was  placed  in  the  bottle  neck; 
a  jet  of  compressed  air  through  this  tube  kept  the  charge  of  material 
and  solution  agitated.  No  central  air  lift  for  agitation,  as  is  com- 
monly seen  in  Pachuca  tanks,  was  used,  but  the  conical  sloping 
shoulder  of  the  vessel  returned  to  the  center  all  material  that  tended 
to  settle.  Periodically  the  agitation  was  stopped,  the  contents  were 
allowed  to  settle,  and  a  large  proportion  of  the  clear  solution  was 
siphoned  off.  In  part  of  the  tests  four  vessels  and  in  the  other  tests 
three  vessels  were  used  in  series.  The  thickened  pulp  was  drawn 
through  into  the  vessel  below,  while  the  solution  that  had  been 
decanted  was  added  to  the  pulp  in  the  vessel  above.  In  this  way 
nearly  barren  solution  entered  the  bottom  vessel  and  pregnant 
solution  was  decanted  from  the  top  vessel.  Only  fresh  material  was 
placed  in  the  top  vessel  and  the  material,  after  passing  in  turn 
through  each  vessel,  was  finally  taken  from  the  bottom  one  as  a 
thick  pulp.  This  pulp  was  filtered  in  a  Buechner  funnel  to  recover 
as  much  of  the  brine  as  possible.  New  brine  to  make  up  for  the 
amount  retained  in  the  residue  was  added  from  time  to  time. 

DISCUSSION    OF    RESULTS    OF   TESTS. 

In  the  material  from  the  Horn  silver  dump  some  of  the  lead  is 
present  as  sulphide,  some  as  sulphate,  and  some  as  carbonate.  The 
determination  of  the  sulphide  lead  (see  Table  2,  p.  15)  shows  that 
11  per  cent  of  the  total  lead  is  lead  sulphide.  By  determining  the 
percentage  of  sulphur  soluble  in  ammonium  acetate  solution  and  the 
percentage  soluble  in  water  it  was  possible  to  estimate  the  proportion 
of  sulphate  lead  in  the  ore,  which  was  about  45  per  cent  of  the  total 
lead  content.  The  proportion  of  lead  that  can  be  recovered  as 
sulphide  by  use  of  a  flotation  machine  indicates  that  the  proportion  of 
sulphide  lead  is  nearer  25  per  cent  than  11  per  cent  of  the  total  lead 
content.  Evidently  the  ammonium  acetate  dissolves  some  of  the 
sulphide  lead  in  this  material.  Hence,  after  it  was  found  that  the 
first  leaches  contained  too  much  acid,  the  acid  concentration  was 
progressively  reduced  in  successive  leaches.  The  improved  grade  of 
the  precipitate  in  the  later  cycles  is  evident. 

In  tests  6,  7,  and  8  the  amount  of  lime  necessary  to  precipitate  all 
the  lead  was  added  in  two  portions  to  determine  whether  a  very  rich 
precipitate  could  be  obtained  in  one  of  these  fractional  precipitations. 
The  results  were  not  encouraging  and  the  method  of  adding  at  one 
time  all  the  lime  needed  was  again  resorted  to. 
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Some  solution  and  some  pulp  wen-  lost  by  splashing  out  of  the 
agitation  jars;  hence  the  extractions  were  calculated  from  thi 
of  the  residue  ratlin-  than  from  the  assay  of  the  solutions. 

In  tests  lo  to  24  tin'  solutions  ami  the  precipitate  wen-  assayed  for 
Pl>,  CaO,  and  S,  and  the  residue  was  assayed  for  lead.  In  t< 
1  to  11  tour  agitation  vessels  in  series  were  used.  In  tests  15  to  17 
the  fourth  vessel  was  removed  as  it-  use  Beemed  to  be  unnecessary. 
In  fact,  all  of  the  acid  was  used  up  in  the  first  vessel  and  the  other 
vessels  were  merely  recovering  lead  sulphate  and  giving  counter- 
current  washing  of  the  material. 

Ill   test   18   the  lead    content    in    the  Solution    had    fallen    to  0.99    pel 

cent,  so  a  fourth  bottle  was  added  again.  Thi;  brought  the  lead 
content  of  the  solution  up  to  1.7  1  per  cent  immediately,  although 
aT)out  the  same  extraction  was  being  maintained.     A  considerable 

amount  of  water  evaporated  during  the  test-,  the  amount  varying 
with  the  time  ol  agitation. 

It  might  be  expected  that  when  lime  is  used  all  of  the  sodium 
sulphate  would  react  with  lime  to  form  calcium  sulphate,  which  would 
accompany  the  precipitate  of  lead  hydroxide.  Calcium  sulphate 
has  a  definite  solubility  and  hence  all  of  the  sulphur  is  not  precipitated 
ill  this  way.  However,  it  was  noticed  that  whenever  lime  was  added 
in  small  excess  of  the  amount  theoretically  needed,  the  precipitate 
contained  much  more  sulphur,  presumably  as  calcium  sulphate.  In 
test  21  the  excess  of  lime  was  cut  out.  with  the  result  that  the  grade 
of  the  precipitate  was  improved.  In  test  22  an  excess  of  lime  was 
again  added.  The  grade  of  the  precipitate  was  10  per  cent  lower, 
whereas  the  sulphur  content  of  the  precipitate  increased  again.  Sol- 
ubility relations  are  also  such  that  a  considerable  proportion  of  either 
the  calcium  sulphate  or  the  sodium  sulphate  must  be  thrown  down 
during  leaching.  Hence  although  one  might  expect  an  equivalent 
of  sodium  sulphate  in  the  pregnant  solution  for  every  molecule 
oi  lead  removed,  this  condition  was  usually  not  realized.  Likewise, 
if  all  the  sulphate  sulphur  left  in  solution  were  to  react  with  the  lime 
to  form  calcium  sulphate,  one  chemical  equivalent  of  CaS<  )4  should  be 
precipitated  for  every  equivalent  of  lead  hydroxide,  and  the  hie: 
grade  of  precipitate  in  the  combined  mixture  of  Pb(OH),  and  CaS<  >, 
would  contain  55  per  cent  lead.  It  is  possible  to  obtain  a  precipitate 
containing  as  much  as  so  per  cent  lead  in  leaching  material  that  does  not 
contain  large  amounts  of  impurities,  although  the  high*  st  grade  of 
precipitate  obtained  from  this  particular  series  of  Leaches  was  73.46  per 
cent  lead.  This  result  was  due  to  leaving  most  of  the  sodium  sulphate 
and  most  of  the  calcium  sulphate  in  the  ore,  although  calcium  sul- 
phate is  soluble  in  saturated  brine  to  some  extent  (0.572  parts 
CaS04  per  100  C.  C.  at  26°  C.)  and  tends  to  precipitate  to  some  extent 
on  addition  of  lime. 
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CONCLUSIONS   FROM   LABORATORY  TESTS. 

The  general  conclusions  that  are  to  be  drawn  from  this  series  of 
leaches  are  as  follows: 

1.  It  is  possible  to  recover  about  80  per  cent  of  the  lead  in  the 
material  tested  in  the  form  of  a  hydrate  precipitate  containing  70 
per  cent  lead.  That  is,  from  each  ton  of  material  128  pounds  of 
lead   can   be   extracted,   giving   about    175   pounds   of   precipitate. 

2.  About  12  to  20  pounds  of  sulphuric  acid  and  30  pounds  of  lime 
would  be  required  to  precipitate  the  lead  from  a  ton  of  this  material. 

3.  About  one-fifth  of  the  solution  was  lost  in  the  small-scale  tests, 
or  one  ton  of  solution  to  one  ton  of  material  treated.  The  loss 
could  doubtless  be  made  much  less  in  large-scale  work  with  modern 
filters  and  agitating  machinery.  One  ton  of  solution  to  one  ton  of 
material  is  about  the  density  of  the  pulp  discharged  from  a  Dorr 
thickener.  With  an  Oliver  filter  the  proportion  of  solution  left  in 
the  tailing  ought  to  be  about  20  per  cent  of  the  weight  of  the  original 
material.  As  the  solution  would  consist  of  26.8  per  cent  NaCl  by 
weight,  the  salt  loss  in  the  tailing  would  be  about  5  per  cent  of  the 
weight  of  the  original  material,  or  100  pounds  per  ton  when  the 
pulp  was  not  washed  on  the  filter  in  order  to  recover  salt. 

4.  The  material  in  this  tailing  dump,  being  already  ground  to 
fine  consistence,  would  not  require  grinding  for  treatment  by  the 
leaching  process. 

5.  Sulphates  do  not  build  up  in  the  solution  to  an  appreciable 
extent,  nor  are  they  found  to  any  extent  in  the  precipitate.  Hence 
they  largely  remain  in  the  material  being  treated.  If  the  tailing 
were  given  a  final  wash  in  order  to  recover  brine,  the  sodium  sul- 
phate would  be  taken  back  into  solution.  This  fact  would  seem  to 
make  washing  of  the  tailing  inadvisable. 

6.  In  case  sulphates  do  build  up  in  the  solution  to  any  extent, 
work  on  other  ores  has  shown  that  the  sulphate  can  be  precipitated 
by  adding  calcium  chloride  to  the  solution. 

7.  Excess  of  lime  is  to  be  avoided  as  the  excess  lime  not  only  con- 
taminates the  precipitate  but  carries  down  more  of  the  sulphate 
sulphur  (in  the  form  of  calcium  sulphate)  that  would  otherwise  stay 
in  solution. 

LARGE-SCALE    CYCLIC    LEACHING. 

The  results  of  the  experiments  just  described  were  so  encouraging 
that  steps  were  taken  to  interest  the  company  that  was  then  trying 
to  work  the  material  of  the  Horn  Silver  dump  by  flotation.  The 
zinc  being  present  as  sulphide,  the  company  was  having  some  success 
in  floating  that  mineral,  together  with  a  small  amount  of  sulphide 
of  lead  and  some  sulphide  of  silver.     Most  of  the  lead  and  a  small 
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amounl  of  silver  were  Left  in  the  bailing  from  this  plant,  and  the 
problem  of  recovering  the  lead  bad  n<>t  been  Bolved.  This  company  . 
known  us  the  Caldo  Mining  Co.,  sent  F. 
(i.  Moses  to  cooperate  with  the  bureau  in 
some  large-scale  tests. 

PLANT    USED    AND    METHOD  OF  OPERATION. 

1  n  t  liese  tests  m  plant  of  the  general  form 
shown  in  figure  6  was  used,  each  charge 
of  material  thai  entered  the  system  weigh- 
ing 25  to  50  pounds.  This  amounl  was 
large  enough  to  permit  estimating  the 
mechanical  difficulties  in  handling  the 
various  products,  and  also  to  permit  con- 
ducting the  tests  under  practically  the 
same  conditions  as  in  practice,  although 
the  operations  tended  to  he  intermittent. 
whereas  similar  machinery  on  a  commer- 
cial scale  could  be  used  continuously. 
A  more  representative  sample  of  the  dump 
was  taken  than  the  one  used  in  the  small- 
scale  tests,  in  order  that  the  results  would 
have  greater  value.  Ineachtest  thebrine 
was  siphoned  from  a  storage  tank  at  the 
head  of  the  plant  into  the  Pachuca  agi- 
tator. Then  the  compressed  air  for  agita- 
tion was  turned  on,  and  the  calculated 
amount  of  sulphuric  acid  was  added.  The 
charge  of  material,  after  being  softened 
with  a  little  brine,  was  then  added,  and 
the  mixture  was  agitated  for  2  to  3  hours 
to  permit  complete  solution  of  the  soluble 
lead.  The  raw  material,  as  received,  con- 
tained  a  large  proportion  of  moisture  and 
therefore  enough  solid  salt  was  added  to 
saturate  this  water,  in  order  that  the  leaching  solution  would  not 
be  diluted. 

It  was  found  that  practically  all  of  the  lead  went  into  solution  in 
the  first  15  mmutes.  The  charge  was  then  drained  into  a  settling 
tank,  allowed  to  settle,  the  clear  solution  decanted  to  the  precipita- 
tion tanks,  and  the  thickened  pulp  filtered  on  a  suction  filter. 
Usually  the  settling  period  was  overnight,  although  most  of  the 
material  settled  in  2  to  3  hours.  The  filter  (fig.  7),  was  a  "home- 
made"   filter   of    the    intermittent  type,  which    made  it  necessary 


li  ,iki;  6.-  Flow-sheet  of  test  plant. 
1,  iron  storage  tank,  4  by  3  feet;  2,  iron 
Pachuca  tank,  2.5  by  6  feet;  S,  iron 
settling  tank,  4  by  4  by  4  feet;  .{.suc- 
tion filter,  3.5  by  3.5  by  1  foot ; 
tion  receiver;  ti.  precipitation  tank, 
3  by  2  feet;  7,  precipitate  filter;  8, 
sump;  9,  air  lift :  10,  vacuum  re 
it,  vacuum  pump;  W, compressed-air 
receiver;  13,  air  compressor.  All  iron 
parts  protected  with  acid-proof  paint. 
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to  operate  the  rest  of  the  plant  intermittently,  with  batch 
charges.  This  made  the  working  of  the  plant  somewhat  different 
from  the  proposed  commercial  process,  but  permitted  complete 
weighing  and  measuring  of  all  the  products  formed  during  a  cycle. 
The  filtering  period  consumed  5  to  6  hours,  owing  to  the  imperfect 

filter,  and  the  other  steps 
of  the  process  were  depend- 
ent on  the  filtering,  as  it  was 
the  slowest  step. 

The  filtered  and  decanted 
pregnant  solution  was 
treated  with  the  proper  pro- 
portion of  slacked  lime  to 
precipitate  the  lead,  the 
precipitate  allowed  to  set- 
tle, and  the  clarified  barren 
brine  siphoned  off  with  a 
hose,  while  the  thickened 
sludge  was  filtered  on  a 
smaller  suction  filter.  The 
barren  brine  was  returned 
by  air  lift  through  an  iron 
pipe  to  the  solution  storage 
at  the  head  of  the  system. 
A  compressor  and  a  suc- 
tion pump  operated  the 
plant. 

As  some  sulphuric  acid 
would  be  used  in  the  flo- 
tation of  the  zinc  sulphide 
(sphalerite)  from  the  mate- 
rial being  treated  it  was  not  known  how  much  acid  would  be  left 
to  extract  the  lead,  so  a  series  of  preliminary  tests  of  small  charges 
were  run  to  determine  how  much  acid  was  necessary.  It  was  found 
that  about  15  per  cent  of  the  lead  was  soluble  in  brine  alone.  The 
original  material  contained  6.5  per  cent  lead.  By  the  use  of  about 
60  pounds  of  sulphuric  acid  per  ton  of  ore,  a  72  per  cent  extraction 
was  possible,  leaving  1.84  per  cent  lead  in  the  tailing,  supposedly  as 
galena,  as  it  was  insoluble  in  the  acid  brine.  The  results  of  these 
preliminary  tests  are  shown  in  Table  14. 
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Figure  7. — Sketch  of  laboratory  suction  filter. 
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'I'm.'  i    i  i.  -  "RetulU  of  preliminary  teats  to  determine  proportion  of  acid  needed. 

[Te  '    i     Q.  J.  li. lit  and  r.  Q   Uo 


Time 

■ 
ton. 

Test 

Material 

Brine 

N.i(  ! 

agi- 

Lead In 

Brine 

[M-r  ton 

No. 

used. 

used. 

used. 

tated. 

re  Idue. 

Hut. 

of  mate- 

trc  tied. 

C.c. 

Hours. 

' 

Pound*. 

1 

100 

LOO 
100 
100 

Tiki 
700 
700 

MS 

IT.", 
175 

2 
16 

2 
16 

5.94 
6.41 

5.90 
1.84 

1.37 
1.44 
1.07 

10 

280 

in.  11 
10.75 

a 

14.20 

96.  in 

3 

4 

5 

100 

700 

lti 

1.97 

4.92 

220 

70.30 

92.80 

17.4 

6 

1(H) 

700 

175 

16 

1.68 

120 

26.00 

31.3 

/ 

100 

700 

175 

130 

11.20 

14.80 

16.8 

8 

1(H) 

700 

175 

16 

2.40 

:,.  15 

180 

84.20 

50.0 

9 

11)0 

700 

175 

16 

2.58 

5.  T2 

L25 

66.  i" 

4H.0 

10 

100 

Tiki 

175 

16 

2. 58 

6.07 

80 

66.40 

74.60 

11 

100 

700 

it:. 

16 

L88 

130 

•IT.  HI 

62.60 

2.1.0 

12 

100 

700 

it:, 

16 

1.^ 

a. » > 

SI 

26.18 

10.0 

13 

100 

100 

700 
700 

175 

175 

.5 
.5 

1. 38 

4.13 

110 
160 

50.0 

14 

3.  22 

67.80 

30.0 

15 

100 

700 

176 

1 

20 

59.90 

16 

100 

700 

ITT, 

1 

2. :,  1 

5  50 

140 

61.50 

8L40 

30.0 

17 

100 
100 

700 
700 

1T5 
175 

2 
2 

2.40 

6.15 

63.  TO 

84.20 
84.20 

50.0 

18 

30.0 

19 

100 

700 

175 

3 

2.15 

5.88 

120 

67.50 

50.0 

20 

too 

700 

IT.", 

3 

2.  1 1 

150 

63.90 

83.40 

30.0 

21 

100 

1,000 

250 

3 

2.  12 

4.  67 

Til 

68.00 

89.80 

50.0 

RESULTS    OF    TEST    AND    DISCISSION    OF    RESULTS. 

The  results  of  the  large-scale  leaches  are  recorded  in  Table  15. 
In  each  leach  36  pounds  of  material,  computed  on  the  dry  basis 
from  the  moisture  sample,  was  used.  The  material  itself  was  not 
dried,  being  taken  from  the  barrel  in  which  it  had  been  shipped  in 
the  wet  condition.  On  that  account  the  weight  of  wet  ore  is  also 
recorded.  Table  16  shows  the  complete  assays  that  wore  made  on 
the  various  products  in  each  of  the  tests. 

Table  15. — General  results  of  large-scale  tests  of  cyclic  leaching. 
[Tests  by  G.  J.  Holt  and  F.  G.  Moses.] 


No. 

Material 
used, 
dry 

basis. 

As 
received. 

Brine 
used. 

Length 

of 
agitation. 

I. pad  in 
tailing. 

Lead  in 
solution, 
pounds  per 

ton  of 
solution. 

Lead  in 
barren 
solution, 
poun.i 

ton  of 
solution. 

1 
2 
3 
4 
5 
6 

8 
9 
10 

11 

Pounds. 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 

Pounds. 
48 
48 
48 
48 
4S 
48 
48 
48 
46 
46 
46 

Pou  nds. 
360 
360 
360 
360 
360 
180 
216 
298 
234 
216 
216 

Hours. 
3 
3 
2 
2 
3 

Per  cent. 
2.12 
2.54 
4.88 
2.51 
3.11 

6.46 
6.04 
4.18 
7.40 
7.92 

(b) 
Trace. 

3 
2 

3.5 
2 

3 

2.12 
2.43 
2.59 
3.00 
2  83 

9.68 
9.84 
13.46 
11.-76 
11.08 

1.12 
2.08 
1.75 



o  Sample  lost. 


*  Test  discarded. 
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Table  15. — Ge?icral  results  of  large-scale  tests  of  cyclic  leaching — Continued. 


Lime  used 

Quantity  of 
sulphuric 
acid  used 

for 

Lead  in 

Remarks. 

No. 

precipi- 

precipitate. 

per  ton  of 

tation. 

material 
treated. 

Pounds. 

Per  cent. 

Pounds. 

1 

3.40 

18.80 

50 

Excess  of  lime  in  solution. 

2 

1.50 

25.60 

30 

Do. 

3 

.75 

20.80 

50 

Do. 

4 

.50 

47.51 

50 

5 

(a) 

34.10 

50 

Lime  slaked  in  water  in  ball  mill. 

6 

7 

50 
50 

Richer  solution  for  precipitation  used. 

.875 

21.71 

8 

.S75 

21.77 

50 

Do. 

9 

.500 

35.07 

50 

Do. 

10 

.375 

41.29 

30 

Do. 

11 

.375 

26.34 

50 

Do. 

a  Test  discarded. 

Table  16. — Results  of  assays  of  precipitate,  tailing,  and  solution  from  cyclic  Imches. 
[Tests  by  G.  J.  Holt  and  F.  G.  Moses.] 


Precipitate. 

Tailing. 

Test 

No. 

Pb. 

Zn. 

Fe. 

CaO. 

S. 

A1203. 

Ag. 

Pb. 

Zn. 

Fe. 

CaO. 

8. 

AI2O3. 

Ag. 

Oz.p. 

Oz.p. 

P.  ct. 

P.ct. 

P.ct. 

P.ct. 

P.  ct. 

P.  ct. 

ton. 

P.ct. 

P.ct. 

P.ct. 

P.  ct. 

P.ct. 

P.ct. 

ton. 

1 

18.8 

2.47 

25.8 

3.93 

2.17 

7.24 

2.12 

2.87 

4.35 

1.88 

4.07 

6.63 

2.64 

?. 

25.6 

4.46 

1.73 

7.74 

3.20 

.71 

7.94 

2.54 

3.20 

4.25 

1.41 

4.00 

6.38 

2.76 

3 

20.8 

8.36 

1.80 

8.48 

3.90 

1.97 

4.88 

3.36 

5.25 

.72 

4.16 

6.58 

2.70 

4 

47.51 

6.73 

2.47 

8.23 

3.  .55 

2.34 

13.74 

2.51 

3.12 

3.76 

2.48 

4.82 

4.47 

2.90 

5 

34.1 

9.81 

2.27 

8.48 

3.60 

.65 

23.60 

3.11 

3.02 

4.00 

3.12 

3.66 

6.50 

3.12 

6 

32.9 

8.06 

3.26 

6.64 

4.68 

4.34 

20.70 

(a) 

7 

21.7 

5.  GO 

2.96 

16.47 

6.90 

3.06 

10.84 

2.12 

2.82 

4.  15 

2.40 

4.66 

7.  57 

3.00 

8 

21.77 

7.56 

2.03 

14.90 

4.96 

.64 

2.43 

3.51 

4.00 

2.68 

3.84 

6.07 

3.34 

9 

35.87 

2.22 

11.70 

5.48 

.57 

2.59 

3.17 

4.50 

2.87 

4.06 

7.00 

3.80 

10 

41.3 
26.3 

2.47 
7.66 

6.08 
12.50 

5.76 
5.72 

3.00 
2.83 

2.87 

4.49 
4.25 

2.73 
2.65 

4.31 

6.23 

3.88 

11 

1 

Rich  solution. 

Barren  solution. 

Lime 

Test 

used  for 

No. 

precipi- 

1 

b. 

Zn.             Fe. 

S. 

Pb. 

Zn.             Fe. 

S.            tation. 

Gm 

.  per 

Gm.  per 

Gm.  per 

< 

im.  pet 

Gm.  per 

G 

m.  per 

Gm.  per 

Gm.  per 

li 

'er. 

liter. 

UttT. 

littr. 

liter. 

liter. 

liter. 

littr. 

Pounds. 

1 

3.23 
3.34 
2.09 

0.73 
1.19 
.96 

0.27 
.21 
.21 

0.03 
.03 
.032 

0.01 
.05 
.08 

0.02 
.024 
.028 

3.4 

2 

0.079 
.036 

1.5 

3 

.75 

4 

4.20 

.94 

.25 

.  032 

0.42 

.826 

.23 

.032 

.50 

1  12 

1  77 

.036 

fp) 

(6) 
(<0 

(6) 
(«) 

.06 
.03 

.50 

6 

<0 

4.84 
4.92 

.94 
2.11 

w 

.57 

.47 

.016 
.049 

(a) 

(a) 

7 

.020 
.030 

.875 

8 

.56 

1.190 

.875 

9 

6.73 

2.76 

.58 

.280 

1.04 

1.820 

.02 

.030 

.50 

10 

5.88 

2.33 

.35 

.220 

.88 

.990 

.02 

.030 

.375  > 

11 

5. 54 

.375 

[" 

a  Test  discarded  because  of  mechanical  trouble. 


b  Sample  lost. 


The  results  were  disappointing  in  two  respects — (1)  the  precipi- 
tate was  of  very  low  grade  as  compared  with  that  obtained  in  the 
smaller  leaches  in  which  all  the  products  could  be  handled  more 
efficiently;  (2),  the  extractions  of  lead  were  rather  low. 
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I'lKll  1  tNQ   1  UK  PEEOIPITATB. 

The  first  attempts  bo  remedy  the  Low  grade  of  precipitate  were 
made  during  the  large-ecale  tests,  thinking  that  the  trouble  was 
due  to  the  difficulty  of  mixing  the  lime  with  the  solution  as  effi- 
ciently oji  the  Larger  seal.-  as  in  the  smaller  laboratory  teste.* 

PREOEPIT  \n<  >\    w  I  i  li    LIME. 

In  test  l  (Tables  l">  and  16),  3.4  pounds  of  Lime  assaying  5  I  per 
cent  CaO  and  about  40  per  cenl  MgO  was  used  bo  precipitate  the  lead 
in  the  solution.  A  precipitate  containing  L8.8  per  cenl  Pb  and 
25  per  cent  CaO  was  formed.  This  precipitate  was  very  dark  when 
fresh  but  turned  white  on  exposure  to  air.  In  the  second  test 
the  quantity  of  lime  was  reduced  to  1.5  pounds.  This  lowered  the 
lime  content  in  the  precipitate  to  7.74  per  cent  but  raised  the  lead 
content  to  only  25.6  per  cent.  A  considerable  amount  of  sodium 
chloride  was  left  in  this  precipitate.  In  test  3  the  lime  was  reduced 
to  0.75  pound,  giving  a  precipitate  containing  8.36  per  cent  CaO 
and  20. S  per  cent  Pb.  The  solution  after  precipitation  was  barren. 
In  test  4  the  lime  was  cut  to  0.5  pound;  the  grade  of  the  precipi- 
tate was  47.5  per  cent  Pb,  which  was  encouraging.  Therefore 
only  0.5  pound  of  lime  was  used  in  test  5,  but  the  precipitate  con- 
tained only  34.1  per  cent  Pb.  In  test  6  mechanical  troubles  arose, 
so  that  the  figures  obtained  are  of  no  importance. 

In  these  six  tests  the  lime  had  been  slaked  in  a  bucketful  of  brine 
and  stirred  with  a  stick.  In  the  subsequent  tests  the  lime  was 
slaked  in  a  ball  mill  in  order  to  break  up  all  lumps  and  obtain  a 
smooth  paste.  Also  less  leaching  solution  was  used  in  order  to  make 
a  richer  solution  for  precipitation,  the  hope  being  entertained  that 
the  grade  of  the  precipitate  would  also  rise  under  these  conditions. 
In  test  7  about  half  of  the  amount  of  solution  used  in  former  tests 
and  0.S75  pound  of  lime  were  used.  The  precipitate  assayed  only 
21.71  per  cent  Pb  and  16.47  per  cent  CaO.  The  barren  solution 
still  contained  some  lead  and  it  was  thought  that  the  reaction  had 
been  incomplete.  Test  8  was  made  under  similar  conditions  and 
more  care  was  exercised,  but  the  resulting  product  was  of  about  the 
same  grade.  In  test  9  the  lime  was  cut  to  0.5  pound  again  but  the 
precipitate  still  contained  11.7  per  cent  Cat),  although  it  ran  35.11 
per  cent  Pb.  However,  the  solution  still  contained  1.04  grams  Pb 
per  liter  after  precipitation.  In  test  10  the  lime  was  further  cut  to 
0.375  pound,  with  the  result  that  the  precipitate  assayed  41.3  per 
cent  Pb  and  6.08  per  cent  CaO,  but  the  solution  still  contained  0.88 
gram  Pb  per  liter.  An  attempt  to  duplicate  these  results  in  test  11 
gave  a  precipitate  with  12.5  per  cent  CaO  and  26.3  per  cent  Pb. 
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These  experiences  are  very  similar  to  those  met  with  by  the  Bunker 
Hill  &  Sullivan  Co.  during  one  stage  of  its  tests.  It  seemed  that  too 
many  substances  enter  the  precipitate  to  permit  preparing  a  product 
desirable  for  direct  reduction  to  lead.  Calcining  the  precipitate  and 
leaching  with  hydrochloric  acid  failed  to  remove  the  lime  and  other 
contaminating  elements.  Enough  salt  was  present  to  volatilize 
much  of  the  lead  when  the  precipitate  was  calcined'  at  a  red  heat  in 
an  effort  to  raise  its  grade. 

PRECIPITATION    ON    SCRAP    IRON. 

This  led  to  an  attempt  to  develop  other  precipitin ts  for  the  lead. 
Scrap  iron  was  tried  in  an  effort  to  prepare  sponge  lead.  Some  of  the 
first  iron  used  was  slightly  galvanized  and  the  zinc  caused  quick 
precipitation  of  an  excellent  grade  of  lead  sponge.  However,  as 
soon  as  the  zinc  was  gone,  or  if  pure  iron  or  cast  iron  was  used,  the 
lead  did  not  precipitate. 

PRECIPITATION    WITH    SODIUM    SULPHIDE    AND    HYDROGEN    SULPHDDE. 

Sodium  sulphide  and  hydrogen  sulphide  were  tested  as  precipi- 
tants.  The  precipitates  from  both  of  these  settled  slowly  and  were  diffi- 
cult to  filter.  Very  often  the  orange -colored  sulphochloride  of  lead 
was  thrown  down  and  the  grade  of  the  precipitate  was  only  about  35 
per  cent  Pb.  On  roasting  this  material  part  of  the  lead  was  volatil- 
ized and  the  grade  of  the  residue  was  raised  to  only  42  per  cent  Pb. 

PRECIPITATION    WITH    SODIUM    CARBONATE. 

Sodium  carbonate  gave  quick  precipitation  and  a  precipitate  con- 
taining 69.89  per  cent  Pb,  which  was  very  easy  to  filter,  was  obtained. 
On  calcining  at  800°  C.  the  grade  was  raised  to  77.14  per  cent  Pb. 
It  was  thought  that  it  might  be  possible  to  utilize  crude  "trona" 
from  the  alkaline  lakes  of  Nevada  and  California,  but  on  learning 
that  it  would  cost  nearly  1  cent  per  pound  when  delivered  in  Utah, 
further  search  for  a  cheap  precipitant  was  deemed  necessary. 

EFFECT    OF    USING    LIMESTONE. 

Iii  nearly  every  test  the  solution,  when  ready  for  precipitation, 
was  slightly  acid,  and  it  was  thought  best  to  neutralize  it  with  lime- 
stone in  place  of  using  slaked  lime.  Ground  limestone  is  used  in 
purifying  some  of  the  zinc  sulphate  solutions  in  modern  electrolytic 
zinc  work,  the  result  being  that  most  of  the  iron,  aluminum,  and  other 
metal  compounds  capable  of  quick  hydrolysis  at  ordinary  temper- 
atures are  precipitated.  The  brine  solutions  of  lead  were  likewise 
purified,  also  the  calcium  chloride  resulting  from  the  hydrolysis  pre- 
cipitated most  of  the  sulphates  still  in  solution.     After  purification 
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of  the  solution  in  (his  way,  fche  addition'of  either  slaked  lime,  sodium 
carbonate,  sodium  sulphide,  or  hydrogen  sulphide  to  the  solution 
resulted  in  a  precipitate  containing  about  70  or  more  per  '■nil  lead. 
Roasting  the  precipitate  raised  the  grade  to  between  75  and  so 
per  cent  Pb. 

The  reactions  involved  in  the  purification  are  probably  as  Follows, 
iron  chloride  being  taken  as  one  of  the  representative  impurities 
precipitated: 

2Fe<  I    |  6HaO      =2  Fe(OH     |  6  IK'I. 

6HC1  I  3CaCOa     =  3  CaCls  •  3B  ,0+3  C< 

3CaClaH  3Na2S04=3  CaS04H  6  NaCl. 

The  precipitation  results  in  these  tests  were  checked  a  number  of 
times  with  freshly  prepared  solutions  and  with  solutions  thai  had 
become  foul  from  cyclic  leaching  with  practically  identical  results. 
In  a  few  tests  calcium  chloride  was  added  to  the  foul  solution  ;  calcium 
sulphate  was  precipitated.  This  precipitate  was  tested  for  lead 
and  was  usually  found  to  be  barren,  or  nearly  so,  hence  apprehension 
of  losses  from  inclusion  of  lead  in  the  calcium  sulphate  formed  during 
purification  of  the  solution  was  set  aside.  Adding  the  limestone  to 
the  pulp  before  filtration  left  the  calcium  sulphate  and  the  hydrolyzed 
iron  and  aluminum  hydroxides  in  the  tailing,  so  that  only  one 
filtration  was  necessary.     This  simplified  the  process. 

TESTS   TO   DETERMINE    BEST   CONDITIONS   FOR   MAXIMUM 

EXTRACTION. 

EFFECT    OF    VOLUME    OF    BRINK    USED. 

After  the  troubles  hi  precipitation  had  been  solved  by  finding  how  to 
purify  the  solutions,  the  question  of  obtaining  the  maximum  extrac- 
tion by  discovering  the  best  conditions  for  solution  of  the  lead  was 
next  attacked.  A  series  of  tests  was  designed  to  see  what  effect 
different  volumes  of  brine  in  relation  to  the  weight  of  the  ore  would 
have.  It  was  thought  that  an  excess  of  brine  would  be  a  better 
solvent  than  a  minimum  of  brine.  As  solutions  containing  not  more 
than  15  grams  of  lead  per  liter  of  solution  can  be  prepared  at  ordinary 
temperatures,  and  it  was  thought  best  not  to  proportion  the  brine  to 
the  ore  in  a  ratio  that  would  give  a  solution  too  near  the  saturation 
point,  a  number  of  ratios  calculated  to  give  weaker  solutions  were 
used  hi  these  tests.  The  results  of  the  tests  are  recorded  in  Table  1 7. 
The  best  results  were  obtained  with  the  lowest  ratio  of  solution  to  ore, 
ratios  ranging  from  3.25  : 1  to  20  : 1  being  tested.  The  concentration 
of  acid  was  greatest  in  the  pulp  having  the  solution  ratio  of  3.25  : 1 ; 
hence  strength  of  the  acid  solution  was  evidently  the  deteiTnining 
factor.  A  method  of  leaching  that  would  permit  the  application  of 
all  the  acid  in  a  very  thick  pulp,  followed  by  dilution  with  brine  in 
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order  to  extract  the  soluble  lead  compounds,  is  indicated.  The 
refractory  lead  compound  that  required  this  special  treatment  was 
known  to  be  galena,  as  all  the  carbonate  of  lead  and  the  sulphato 
of  lead  dissolve  with  ease. 

Table  17. — Results  of  tests  showing  the  effects  of  the  rutin  <>/  solution  to  ore  on  the 

extraction  obtained. 

[Tests  by  G.  J.  Holt  and  F.  G.  Moses] 


Test 
Xo. 

Acid 

used, 

pounds 

per  ton 

of  ore. 

Quantity 

of  material 

taken  for 

test. 

Volume  of 

solution 

used. 

Lead 

content  of 

tailing. 

Lead 
content  of 
solution, 

gramS 

per  liter. 

1 

2 

3 

4- 

5 

6 

58 
30 
50 
50 

50 
50 

Grams. 
100 
100 
100 
100 
100 
100 

C.c. 
325 

500 

600 

1,000 

1,500 

2,000 

Per  cent. 
2.13 
2.24 
2.27 
2.78 
2.50 
2.80 

13.01 
8.12 
6.72 
3.52 
2.95 
1.75 

Note. — Material  tested  assayed  6.77  per  cent  lead. 

EFFECT    OF    HEATIXG   THE   PULP. 

Another  series  of  tests  were  then  made  to  determine  whether 
better  extractions  could  be  obtained  by  heating  the  pulp.  The 
results,  presented  in  Table  18,  show  that  practically  no  benefit  was 
derived  from  heating.  The  heating  of  a  saturated  brine  is  difficult, 
because  dilution  is  not  permissible.  Heating  of  solutions  with 
exhaust  steam  would,  therefore,  necessarily  have  to  be  by  use  of  coils 
of  pipe  immersed  in  a  tank  ot  brine,  which  would  make  the  heating 
expensive.     Direct  heating  with  a  fire  would  also  be  difficult. 

Table  18, — Results  of  tests  showing  effect  of  heating  pulp,  on  the  extraction  of  lead. 
[Tests  by  G.  J.  Holt  and  F.  G.  Moses] 


Acid 

Lead  con- 

Quantity 

Time  of 
leaching. 

I>ead  con- 

Lead con- 

tent of 

Test 
Xo. 

of  material 
taken  for 

solution 
used. 

pounds 
per  ton 

tent  of  raw 
material. 

tent  of 

tailing. 

solution, 
grams  per 

test. 

of  ore. 

liter. 

Grams. 

C.c. 

Hours. 

Per  cent. 

Per  cent. 

1 

50 

250 

50 

6.71 

1.55 

12.25 

2 

50 

250 

30 

6.71 

2.84 

9.11 

3 

100 

326 

30 

6.08 

2.29 

12.53 

4 

100 

325 

40 

6.08 

2.29 

12.63 

100 

325 

50 

6.08 

2.13 

13.  01 

6 

100 

325 

50 

L 

6.08 

2.15 

15.45 

7 

100 

325 

40 

i 

6.08 

2.29 

15.83 

g 

100 

325 

30 

i 

6.08 

2.59 

14.18 

9 

100 

<»44:1 

50 

x 

6.08 

2.13 

9.65 

10 

1*0 

a4i:l 

40 

i 

6.08 

2.29 

9.65 

11 

100 

a<4:l 

30 

JL 

6.08 

2.36 

8.58 

a  Ratio  of  volume  of  solution  (c.  c.)  to  weight  (grams)  of  material  tested. 

Note. — Leaches  1  and  2  were  boiled  for  an  hour  on  the  hot  plate;  Nos.  3,  4,  and 
5  were  leached  cold  to  compare  this  method  with  hot  leaching;  Nos.  6  to  11  were 
boiled  15  minutes  on  the  hot  plate. 
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BFFECT   OF    ADDING    OHLOREDE    <>i     LIME. 

The  results  of  a  series  of  tests  to  determine  whether  adding  chloride 
of  lime  during  the  leaching  would  provide  chlorine  to  attack  the 
undissolved  lead  sulphide  arc  shown  in  Table  L9.  It  was  found  that 
the  use  of  hi  pounds  of  bleaching  powder  per  ton  of  material  treated 
increased  the  extraction  of  I  lie  lead  by  about  (.»  pounds  per  ton  of  mate- 
rial treated.  The  price  of  chloride  of  lime  and  I  hat  of  lead  would  help 
determine  whether  this  reagenl  could  be  used  at  a  profit.  No  other 
methods  of  increasing  the  extraction  were  tested. 

Table  L9.     Results  of  tests  made  to  improve  leach  tailings. 
[Tests  by  G.  J.  Boll  and  V.  G    Mo 


Bleaching 

TVst 

Quantity 

Volume  of 

Time 

Lead  in 

Lead  con- 
tent ol 
solution, 
grama  per 

liter. 

\n,w  der 
pounds 

used. 

No. 

material 

taken. 

brine  used. 

treated. 

tailing. 

per  ton 

of  mate- 
rial 

o(  male- 
rial 

Or  a 'ii.s. 

<:  c. 

Hours. 

Per  ant. 

l 
2 
3 
4 

100 
100 
100 

too 

100 

500 

60» 

1,000 

1,500 

2,000 

400 

300 

500 

250 

200 

350 

350 

350 

450 

3 
3 
3 
3 
3 

2.09 
2.  22 
2.  IS 
2.50 
2.  39 

8.13 

6.  7  J 
3.  52 
2.95 
1 .  75 

.50 
50 
50 
50 
50 

6 
7 
8 
9 
10 
11 
12 
13 
14 

100 
100 
100 
50 
50 
100 
100 
100 
100 

3 
3 
3 
1 
1 
3 
3 
3 

i 

i 

2.  82 
2.U2 
2.03 
1.55 
2.  89 
2.  29 
2.  29 
2. 13 
2.13 

12.66 

1 1.  20 
8.90 
12.20 
9.11 
12.58 
12.60 
13.09 

50 
50 
75 

.50 
30 
30 
40 

.50 
50 

15 
10 

100 
100 

450 
4.50 

2.29 
2.36 

9.65 

8.58 

(0 

30 

17 

100 

400 

3 

2.75 

9.54 

10 

30 

18 

100 

400 

3 

L76 

10.50 

10 

40 

19 

100 

400 

3 

1. 69 

10.  79 

10 

50 

20 

100 

400 

3 

2.40 

8.  65 

20 

30 

21 

100 

400 

3 

1.91 

lo.  13 

20 

40 

:: 

100 

400 

3 

1.75 

10.66 

20 

50 

CONSTRUCTION    OF    PLANT. 

Having  determined  the  conditions  under  which  a  plant  for  leaching 
lead  carbonate  ores  should  operate,  it  is  possible  to  draw  some  con- 
clusions as  to  the  commercial  application  of  the  process.  A  propose.! 
flow  sheet  for  such  a  plant  is  shown  in  figure  8.  Practically  all  the 
machinery  would  be  of  standard  make  and  each  machine  would  be 
of  the  continuous  operating  type,  these  being  the  only  differences 
between  the  test  plant  and  the  proposed  commercial  plant.  A  scrap- 
iron  launder  might  be  used  for  removing  any  silver  not  precipitated 
with  the  lead  by  lime  precipitation,  as  the  silver  tends  to  stay  in 
solution.  If  it  should  be  desired  to  remove  the  silver  before  the  lead, 
the  scrap-iron  launder  ean  be  used  ahead  of  the  lime  precipitation 
tank;   then  the  iron  passing  into  solution  would  be  precipitated  with 
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the  lead.  However,  the  proportion  of  this  iron  in  comparison  with 
the  lead  need  not  be  large,  and  probably  would  be  negligible.  (See 
"Sulphide  ores  of  lead,''  pp.  123  to  169.) 

MATERIALS    USED   IX    PLANT   CONSTRUCTION. 

The  question  of  refractory  materials  for  plant  construction  also 
received  some  attention.  Iron  construction  can  be  used  only  for 
barren  neutral  brine.  Acid  brine  will  attack  iron,  and  if  the  brine 
contains  silver,  the  silver  will  be  precipitated.  On  that  account 
Pachuca  tanks,  thickeners,  and  filters  used  for  leaching  the  ore  would 


Figube  8. — Proposed  flow  sheet  for  lead-leaching  plant.    solution.    material  being  treated. 

precipitate.    1,  from  dump;  2,  acid  storage;  3,  barren  solution  storage;  4,  acid  feeder; 

5,  wooden  Pachuca  tanks;  6,  ground  limestone;  7,  Dorr  thickener  of  wooden  construction;  8,  continuous 
suction  filter  (acid-proof);  9,  wash  water;  10,  tailing;  11,  brine  to  slake  lime;  12,  lime  mixer  and  feeder; 
IS,  precipitation  Pachuca  tank;  14,  Dorr  thickener;  IB,  continuous  suction  filter;  16,  pump  to  return  solu- 
tion to  storage;  17,  precipitated  basic  lead  hydroxide. 

have  to  be  of  wooden  construction.  Lead  pipe  used  in  the  construc- 
tion of  the  Anaconda  Copper  Co.  copper-leaching  plant  does  not  pre- 
cipitate much  silver  from  the  dilute  brines  of  that  plant.  Hence  a  lead 
air  lift  was  used  in  the  Pachuca  tank  of  the  testing  plant  at  the  Salt 
Lake  City  station  with  seeming  success,  although  the  silver  extrac- 
tions were  not  investigated  thoroughly.  The  ability  to  use  lead  in 
the  construction  of  an  acid-proof  continuous-suction  filter  solves  that 
constructional  problem,  as  such  filters  are  already  on  the  market. 
Also  several  special  irons  were  tested  for  their  ability  to  withstand  the 
action  of  the  solutions,  and  both  "duriron"  and  "corrosiron"  were 
found  to  be  inert  toward  brines  containing  silver  and  lead  in  solution, 
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although  they  are  very  slightly  acted  on  by  the  acid.  Concrete  tank 
ivsist  the  brine  fairly  well,  and  were  used  for  neutral  brine  in  the 
leaching  tests  at  the  Bunker  Bill  &  Sullivan  testing  plant.  Acid 
brines  attack  concrete  only  slowly.  Therefore  there  seems  to  be  qo 
difficulty  as  to  obtaining  cheap  refractory  materials  for  plant  con- 
struction. In  the  testing  plant  at  Salt  Lake  City  Borne  iron  tank-, 
protected  with  an  acid-proof  paint  were  used,  but  the  paint  required 
frequent  renewal. 

I  li  \i;  kOTEB    OF   S  kMPLE    TESTED. 

Attention  should  be  called  to  the  facl  that  the  sample  used  for  the 

earlier,  small-scale  tests  was  a  grab  sample  of  the  surface  of  the  old 
dump,  whereas  the  later  large-scale  tests  were  on  a  representative  sam- 
ple of  the  tailing  from  a  dotation  mill  that  -was  treating  the  material 
represented  by  the  first  sample.  The  large  content  of  lead  .sulphate  in 
the  first  sample  was  the  cause  of  the  low  acid  consumption  in  the 
tests  made  on  it,  but  the  second  sample  required  more  acid,  for  two 
reasons.  The  proportion  of  lead  sulphate  was  less,  and  5  to  10 
pounds  of  lime  per  ton  had  been  used  in  settling  the  slime  from  the 
tailing  water  of  the  flotation  plant  in  order  thai  the  water  could  be 
used  over  again.  This  lime,  of  course,  required  an  equivalent  amount 
of  acid  to  neutralize  it, 

CONCLUSIONS    FROM    RESULTS    OF   TESTS. 

The  conclusions  drawn  by  the  writers  from  the  results  of  these 
experiments  are  as  follows ; 

1.  On  a  larger  quasicommercial  scale,  the  preparation  of  a  solution 
from  which  a  high-grade  precipitate  of  lead  can  be  flu-own  down  is 
difficult  unless  resort  is  had  to  purification  of  the  solution  with  lime- 
stone. 

2.  From  the  material  tested,  83  pounds  of  lead  and  2  ounot 
silver  per  ton  could  be  extracted  by  the  use  of  50  pounds  sulphuric 
acid,  20  pounds  of  lime,  with  salt  losses  varying  from  20  to  50  pounds, 
depending  on  the  care  used  in  handling  and  washing  the  material 
and  the  precipitate. 

3.  The  precipitate  obtained  with  the  use  of  lime  will  average  about 
65  per  cent  lead,  or  more,  and  settles  and  filters  rapidly. 

4.  Sodium  carbonate  and  sodium  sulphide  give  higher  grades  of 
precipitate  but  cost  more  than  lime.  The  precipitate  from  the  use 
of  sodium  sulphide  is  hard  to  filter,  but  the  precipitate  made  by  use 
of  sodium  carbonate  settles  rapidly  and  filters  easily. 

5.  The  time  required  for  dissolving  the  lead  need  not  exceed  one- 
half  hour;  the  time  for  purification,  about  one-half  hour;  and  the 
time  for  precipitation,  10  minutes.  These  facts  permit  the  use  of 
small  Pachuca  tanks  for  leaching  and  precipitatation, 

39094°— IS— Bull.  157 4  . 
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6.  The  tailing  settles  through  brine  in  about  three  times  the  time 
necessary  for  it  to  settle  in  water.  Hence  ample  capacity  for  thicken- 
ing the  slimes  is  necessary.  Filtering  brine  likewise  requires  more 
filter  area  than  filtering  water. 

7.  The  precipitate  obtained  by  using  lime  settles  much  faster  than 
the  ore  being  treated  and  is  more  easily  filtered.  Hence  much 
smaller  thickeners  and  filters  are  satisfactory  for  such  precipitate, 

8.  The  precipitate  obtained  by  using  lime  may  be  reduced  at  the 
plant  or  shipped  to  the  smelter  direct.  Direct  reduction  of  such  a 
high-grade  oxidized  product  of  lead  is  very  simple. 

CYCLIC    LEACHING    AND   ELECTROLYTIC   PRECIPITATION. 

ROASTING   AND    LEACHING   TEST   AT    SALT   LAKE    STATION. 

The  second  series  of  laboratory  leaches  was  carried  out  with 
electrolytic  precipitation  instead  of  precipitation  with  lime,  in  order 
to  determine  whether  the  impurities  entering  the  solution  under 
these  conditions  would  detrimentally  affect  the  leaching  power  of 
the  solutions  in  any  way.  Electrolytic  precipitation  was  studied 
thoroughly  before  these  tests  were  begun.  It  was  found  possible 
to  use  iron  anodes  without  affecting  the  properties  of  the  precipi- 
tated lead.  The  lead  always  tends  to  precipitate  as  sponge  lead. 
This  spongy  lead  will  oxidize  during  drying,  and  the  dried  material 
is  readily  converted  to  metallic  lead  when  melted  in  a  reducing 
atmosphere.  Analyses  of  the  dried  precipitate  revealed  as  much 
as  4  per  cent  of  iron  in  some  samples.  In  melting  this  material 
the  iron  oxide  formed  a  dross,  which  could  be  skimmed  off,  leaving 
lead  of  exceptional  purity. 

The  low  proportions  of  lead  in  the  dried  precipitate,  ranging  from 
68.4  to  91.7  per  cent  lead,  is  due  to  oxidation  of  lead  and  to  the 
presence  of  small  amounts  of  entrained  iron,  which  later  was  drossed 
off.  The  lead  extractions  were  not  determined  for  all  of  the  tests, 
as  the  amount  of  acid  found  best  in  the  previous  series  of  leaches 
(11  pounds  per  ton)  was  used.  In  those  determined  the  extraction 
was  slightly  more  than  70  per  cent.  Sixty-two  per  cent  of  the 
silver  was  extracted  by  the  brine,  which  accounts  for  the  silver  in 
the  final  product.  The  sponge  lead  could  be  produced  free  of  silver 
by  precipitating  the  silver,  before  electrolysis,  on  scrap  iron,  the 
lead  remaining  in  solution.  The  silver  might  also  be  removed  by 
use  of  a  small  amount  of  the  sponge  lead,  which  will  slowly  displace 
silver  from  its  solutions.  The  silver  precipitate  would  form  only  a 
small  quantity  of  base  bullion  when  melted.  The  lead  deposited 
from  the  desilverized  solution  would  be  ready  for  marketing  as  soon 
as  melted  into  bars. 
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rsi:   OP   IRON    \v.'>i>: 

lii  this  series  of  bests  it  was  thought  that  the  use  of  an  iron  anode, 
although  permitting  a  very  low  operating  voltage  through  anodic 
solution  of  the  iron,  might  contaminate  the  solution  too  much  with 
ferrous  salts  to  permit  good  leaching  <>f  the  lend.  The  firsl  three 
cycles  were  run  during  very  cold  weather  and  at  night  the  solutions 
often  cooled  nearly  to  freezing  temperature.  Whenever  this  hap- 
pened, solium  sulphate  ;m<l  other  substances  crystallized  from  the 
solution,  no  that  the  content  of  iron  left  in  the  solution  after  precipi- 
tation decreased  for  a  while.  The  Inter  cycles  were  run  under 
Warmer  conditions,  and  the  iron  built  Up  to  some  extent,  althou 
a  considerable  amount  must  have  been  left  in  the  ore,  from 
barren  solution  at  each  leach,  as  the  iron  left  in  the  solution  should 
be  equivalent  to  the  lead  removed.  Roughly,  the  iron  content  of 
the  solution  should  have  increased  one-third  of  l  |><t  cent  on  each 
cycle.  The  iron  was  undoubtedly  building  up  dining  the  last  tests, 
as  was  the  sulphur.  The,  material  being  tested  contained  some 
oxidized  zinc  and  it  was  anticipated  that  the  zinc  would  likewise 
build  up,  but  it  did  not.  At  the  Bunker  Hill  &  Sullivan  test  plant 
purifying  the  solution,  after  electrolysis,  with  caustic  lime,  leaving 
a  precipitate  of  ferrous  and  feme  hydrates  and  calcium  sulphate, 
Mas  tested. 

The  voltage  necessary  to  obtain  a  fairly  large  current  density 
was  remarkably  low,  due,  of  course,  to  the  use  of  the  soluble  iron 
anode.  A  poor  connection  would  run  up  the  voltage  necessary  to 
operate  the  cell,  as  shown  by  two  sets  of  duplicate  conditions  in 
which  this  effect  was  studied.  The  difference  in  the  yield  of  lead 
per  kilowatt-hour  resulting  from  a  slightly  higher  voltage  is  \n-y 
great.  All  of  the  data  on  the  solution  analyses  and  the  average 
electrical  conditions  are  given  in  Table  20.  More  detailed  data  on 
these,  tests  are  given  in  Tables  14  to  16. 

Table  20. — Results  of  cyclic  leaching  and  electrolysis  of  Horn  Silver  tailings. a 

[8  liters  saturated  brine  used  per  1,000  grams  ol  material  containing  7  I  per  rent  Pb.] 


Analysis  of  solution. 

Assay  of  sponge 
"lead. 

Cur- 
rent 
den- 
sity, 
ampere- 
feet. 

Volts. 

Cur- 
rent 
etlici- 
eney. 

Yield, 
pounds 
Pbper 
kilo- 
watt- 

Test 
No. 

Before. 

After  electrolysis. 

Pb.      1      Ag. 

Pb. 

Pb. 

IV. 

S. 

Zn. 

hour. 

Per.  ct. 

0.778 

.785 

.707 

1.045 

1.080 

.935 

.893 

P(T  ct. 
0.108 
.026 
*     .112 
.1)74 
.085 
.066 
.017 

Per  ct. 
1.46 
1.48 
1.20 
1.17 
1.22 
1.45 
1.68 

Per  ct. 
0.71 
.70 
.92 
.93 
1.10 
1.33 

Perct. 
0.29 
.58 
.35 
.65 
.37 
.58 

Per  ct. 

Oz.p.ton 
18.00 

100 
• 

60 
40 
40 
20 
20 

1.5 

13 
1.0 

- 

■s 

Perct. 
61 
79 
75 
90 
90 
95 
95 

2  86 

2 

3 

4 

5 

6 

7 

68  W 

76.90 
89.00 

91.70 
88.80 
88.80 

46.17 

3.43 
4.66 

103.  22 

127.04 
63.89 

8.53 
14.30 
17.00 

13.72 

a  Tests  by  C  E.  Sims. 
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It  is  remarkable  that  such  high  current  densities  could  be 
employed  with  a  solution  so  dilute  in  metal,  and  still  permit  of  such 
high  current  efficiencies  as  were  obtained.  The  solution  being 
strongly  impregnated  with  sodium  chloride  accounts  for  the  high 
electrical  conductivity. 

TESTS    AT    BUNKER   HILL    &    SULLIVAN    PLANT. 

A  number  of  cyclic  leaches  were  made  at  the  Bunker  Hill  &  Sullivan 
plant  with  electrolytic  precipitation,  the  cell  holding  5  tons  of 
solution.  When  working  on  the  large  scale  some  difficulty  was 
encountered  in  washing  the  brine  out  of  the  sponge  lead,  but  com- 
pressing the  sponge  with  a  hydraulic  press  remedied  this  trouble. 
The  cartridges  of  compressed  sponge  were  in  convenient  form  to  place 
in  the  melting  furnace. 

Treatment  of  the  barren  brine  with  lime  to  remove  the  iron  that 
had  entered  the  solution  during  electrolysis  was  also  initiated  at  this 
plant,  and  it  was  said  that  no  difficulty  was  experienced  in  removing 
the  iron.  Some  calcium  sulphate  precipitated  with  the  hydrates  of 
iron  and  made  the  settling  of  the  precipitate  rapid  and  filtration 
relatively  easy. 

More  silver  was  extracted  in  the  tests  in  which  electrolytic  precipi- 
tation was  used  than  in  the  series  where  precipitation  with  lime  was 
used.  This  result  was  believed  to  be  due  to  the  presence  of  ferric 
chloride  in  the  leaching  solution  from  electrolytic  precipitation. 
The  iron  in  the  solution  tended  to  be  reduced  at  the  cathode,  so  that 
a  preponderance  of  ferrous  iron  was  present,  but  there  was  always 
some  ferric  iron  present,  owing  to  oxidation  by  air.  The  solubility 
of  all  compounds  of  silver  in  solutions  containing  ferric  iron  is  well 
known,  and  is  the  basis  of  many  proposed  methods  for  treatment  of 
silver  ores,  but  none  have  been  in  recent  use. 

LEACHING    UNROASTED    MATERIAL    WITH     BRINE     CONTAINING    FERRIC 

CHLORIDE. 

Further  work  along  the  lines  of  leaching  the  raw  ores  with  brines 
containing  ferric  chloride  was  initiated,  but  has  not  been  carried  to 
any  great  extent.  A  few  of  the  samples  at  hand  were  leached  with 
acid  brines  containing  the  amounts  of  iron  that  were  introduced  by 
the  electrolysis  of  the  brines  in  the  tests  previously  described.  The 
electrolyte,  after  most  of  the  lead  has  been  removed,  might  be  passed 
through  a  few  cells  with  carbon  anodes  in  order  to  oxidize  the  ferrous 
iron  to  the  ferric  state  before  being  again  used  as  the  leeching  agent. 

These  leaches  were  carried  on  in  parallel  with  other  leaches  that  were 
identical,  except  that  no  iron  was  present  in  the  solution.  Two  series 
of  tests  were  run.  In  one  the  time  of  contact  of  solution  with  ore 
was  16  hours  and  in  the  other  series  3  hours.     The  brines  containing 
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ferric  chloride  were  ro  proportioned  thai  i  per  cent  of  iron,  in  the 
ferric  state,  was  present  in  the  solution.  This  proportion  of  iron  i-, 
rather  low,  but  is  only  slightly  lower  than  the  proportion  thai  - 
lefl  in  the  solution  after  electrolysis.  During  the  leaching  with 
acidified  brine  the  basic  minerals  of  the  ore  consume  the  acid  and 
the  iron  chlorides  tend  to  hydrolj  ze  and  be  thrown  out.  Only  ferrous 
chloride  survives  the  leaching  operation.  The  results  of  these  leaches 
are  presented  in  Table  21.  They  show  thai  the  small  amount  of  iron 
used  caused  very  little  more  silver  to  go  into  solution  than  does  the 
use  of  acid  brine  alone.  Sixteen  hours  of  contacl  gave  lower  extrac- 
tions of  the  silver  than  three  hour-.  Most  of  the  materials  tested 
contain  some  zinc  sulphide  and  other  mineral-,  and  the  equilibrium 
conditions  would  be  for  the  silver  to  be  thrown  out  of  solution  and 
the  zinc  to  pass  into  solution.  Hence  it  is  not  surprising  that  u 
longer  time  of  contacl  should  L'ive  lower  extractions  of  si] 


Table  21. — Data  on  latching  tests  made  "i/l,  ami  without  iron  in  the  solution. 

[Experiments  made  by  G.  J.  Soil 
CHARACTER  OF  LEACHES  IN  WHICH  IRON  WAS  ADDED  TO  SOLUTION. 


Kind  of  material '. 


Tailing,  Horn  Silver  dump.. 
Mine  ore,  May  Day  No.  4 . . . 
Mine  ore,  Chief  Consolidated 
Slimes,  Bullion  Beck  dump . 

Mine  ore,  American  Flag 

Tailing,  Bullionville  dump . . 


taken  for 
test. 


Grams. 
100 
100 
100 
100 

100 


Brine. 


r.c. 

350 

350 

600 

500 

1,000 


ll.S", 


Grams. 
■ 

5 
8 
5 
16 
10 


FeCl, 


Grams. 

in 
lo 
IS 
15 


RESULTS  OF  LEACHES. 
LEACHES  AGITATED  16  HOURS. 


Assay. 

Kxtraction. 

Heading. 

Tailing. 

Tailing  calcu- 
lated to  original 
weight  of  ore. 

Pb. 

Ag. 

Pb. 

Ag. 

Insolu- 
ble. 

Pb. 

Ag. 

Insolu- 
ble. ' 

Pb. 

Ag. 

With  iron: 

Mav  Dav  No.  4.. 
Chief     Consoli- 
dated   

Per  ct. 
7.98 
13.21 

2.74 
2.36 
4.52 
9.41 

7.98 
13.21 

2.74 
2.36 
4.52 
9.41 

Oz.per 
ton. 
6.20 
3.00 

7.58 
7.28 
16.20 
10.52 

6.20 
3.00 

7.58 
7.2S 
16.2<1 
10.53 

Per  ct. 
59.8 
23.1 

67.9 
67.  75 

72.50 

59.8 
23.1 

67.1 
67.  75 

72.50 

Perct. 
2.14 
12.38 

.71 
1.19 

Oz.per 
ton. 
3.92 
3.04 

3.64 
5.12 

r,  t  ct. 

65.0 
24.5 

73.0 
73.2 

Perct. 

1.97 

11.60 

.66 
1.10 

Oz.per 

ton. 
3.6 
2.87 

3.38 

4.74 

Perct. 

12.2 

76.0 
53.4 

Perct. 
42.0 
43.3 

29.0 

Bullion  Beck 

American  Flag. . 

Without  iron: 

Horn  Silver 

May  Day  No.  4.. 
Chief     Consoli- 
dated   

34.9 

1.31 

2.14 
13.10 

.83 
1.31 

.71 

a  48 
3.04 

8.06 

17.90 
8.28 

85.2 

64.  S 
23.9 

69.75 
72.6 
72.6 
86.4 

1.11 

1.97 
12.68 

.80 

1.22 

.60 

7.22 

2.80 

2.ys 

17.90 
6.95 

88.3 

95.3 
4.0 

70.  S 

81.6 
93.6 

31.3 

54.8 
.66 

Bullion  Beck 

American  Flag.. 
Bullionville 

8.00 
(') 
33.9 

Negative. 
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Table  21. — Data  on  leaching  tests  made  with  and  without  iron  in  the  solution — Contd. 


RESULTS  OF  LEACHES— Continued. 
LEACHES  AGITATED  3  HOURS. 


Assay. 

Extraction. 

Tailing  calcu- 

Heading 

Tailing. 

lated  to  original 

weight  of  ore. 

Pb. 

Ag. 

Pb. 

Ag. 

Insolu- 
ble. 

Pb. 

Ag. 

Insolu- 
ble. 

Pb. 

Ag. 

Oz.  per 

Oz.  per 

Oz.  per 

With  iron: 

r,r  ct. 

ton. 

Perct. 

Perct. 

ton. 

Perct. 

Perct. 

ton. 

Per  ct. 

Per  ct. 

Horn  Silver 

7.98 

6.20 

59.8 

2.38 

2.30 

66.25 

2.15 

2.08 

73.0 

66.8 

May  Day  No.  4.. 

13.21 

3.00 

23.1 

13.21 

2.96 

24.7 

12.37 

2.77 

6.4 

7.7 

Chief     Consoli- 

dated   

2.74 

7.48 

67.1 

.47 

3.12 

72.7 

.43 

2.86 

84.4 

62.2 

Bullion  Beck 

2.36 

7.28 

57.75 

.90 

2.28 

71.4 

.85 

2.15 

64.0 

70.4 

American  Flag.. 

4.52 

16.20 

72.70 

.13 

2.48 

82.8 

.11 

2.18 

95.6 

86.5 

Bullionville 

9.41 

10.52 

72.50 

.71 

8.00 

85.1 

.60 

6.81 

93.7 

35.2 

Without  iron: 

Horn  Silver 

7.98 

6.20 

59.8 

2.38 

3.32 

67.4 

2.12 

2.95 

73.4 

58.3 

May  Day  No.  4.. 

13.21 

3.00 

23.1 

13.21 

3.00 

25.1 

12.20 

2.76 

7.6 

8.0 

Chief     Consoli- 

dated   

2.74 

7.58 

67.1 

.47 

3.82 

77.0 

.41 

3.33 

85.0 

56.0 

Bullion  Beck 

2.36 

7.28 

67.75 

.90 

2.84 

74.2 

.82 

2.59 

65.3 

64.5 

American  Flag.. 

4.52 

16.20 

72.70 

.13 

2.72 

82.7 

.11 

2.39 

97.6 

85.3 

Bullionville 

9.41 

10.52 

72.50 

.71 

8.30 

84.2 

.61 

7.15 

93.6 

32.0 

If  an  oxidized  lead  ore  contains  silver  in  such  form  that  it  is  easily 
soluble  in  acidified  brine,  there  is  no  need  of  roasting  to  make  the 
silver  soluble,  hence  the  process  of  extracting  the  lead  and  the  silver 
by  leaching  would  be  extremely  simple.  To  test  out  a  considerable 
range  of  materials  of  this  type  for  simultaneous  leaching  of  the  lead 
and  the  silver,  and  also  any  zinc  that  might  tend  to  dissolve,  a  series 
of  tests  were  made  on  13  different  ores  and  tailings  with  vary- 
ing amounts  of  sulphuric  acid,  as  calculated  for  the  theoretical 
requirements  of  the  lead  in  the  material.  The  results  are  given  in 
Table  22,  which  requires  little  explanation.  The  amount  of  acid 
used  is  stated  in  equivalents  of  the  lead  and  with  most  of  the  ores 
leaches  containing  1,  2,  5,  and  10  equivalents  of  acid  were  used.  As 
some  of  these  materials  contained  gold,  the  analyses  of  the  various 
products  for  that  metal  are  given.  The  percentages  of  gold  extraction 
were  not  calculated. 

Some  of  the  tests  in  which  10  equivalents  of  acid  were  used  show 
lower  extractions  of  lead  than  those  with  5.  This  is  probably  due 
to  the  large  excess  of  sodium  sulphate,  formed  by  action  of  the  sul- 
phuric acid  on  the  sodium  chloride.  A  large  excess  of  sodium  sul- 
phate depresses  the  solubility  of  the  lead  compounds  in  a  brine.  The 
large  extractions  of  silver  in  some  of  the  materials  tested  indicates 
that  this  method  could  be  used  to  advantage  for  their  beneficiation. 
With  the  other  materials  other  methods,  as  outlined  further  on  in 
this  report,  would  be  more  desirable. 
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CONCLUSIONS    ON     LEACHING     AND     ELECTROLYTIC     PRECIPITATION     OP 

I  l   \l>. 

The  conclusions  to  be  drawn  from  the  results  of  the  tests  of  leach- 
ing and  electrolytic  precipitation  are  as  follows: 

1.  It  is  possible  to  precipitate  lead  from  brine  by  electrolysis, 
\  ielding  sponge  lead  that  can  he  nulled  into  pure  lead. 

2.  Imparities  do  not  build  up  in  the  solution  to  an  excessive  extent 
ami  can  he  removed  with  lime  when  necessary.  Purification  of 
solutions  is  not  so  essential  as  when  lime  is  used  to  precipitate  t la- 
lead. 

3.  Current  efficiencies  of  more  than  90  per  cenl  an-  possible  with 
current  densities  ranging  up  to  40  amperes  per  square  foot  of  cathode 
surface. 

4.  Iron  anodes  can  be  used,  yielding  solutions  containing  both 
ferrous  and  ferric  chlorides,  and  cutting  down  the  voltage  to  a  frac- 
tion of  one.  volt.  This  allows  the  production  of  as  much  as  17  pounds 
of  lead  per  kilowatt-hour. 

5.  The  presence  of  ferric  iron  in  the  solution  permits  slightly  higher 
extractions  of  silver,  owing  to  the  ferric  iron  attacking  silver  sulphide 
minerals. 

6.  Many  of  the  materials  tested  contained  considerable  amounts 
of  silver  in  soluble  form. 

7.  Silver  can  be  removed  from  the  solutions  by  the  use  of  either 
scrap  iron  or  sponge  lead,  although  the  use  of  iron  is  preferable  because 
of  the  greater  speed  of  precipitation.  The  amount  of  iron  introduced 
into  the  solution  is  negligible. 

8.  Melting  the  sponge  lead  presents  few  difficulties,  although  a 
small  proportion  of  dross  is  formed.  Treatment  by  careful  washing 
and  hydraulic  pressing  will  remove  most  of  the  water  and  most  of 
the  salt  and  will  reduce  the  formation  of  dross. 

CHEMICAL   REACTIONS   INVOLVED    IN   BRINE    LEACHING. 

In  order  that  the  chemistry  of  the  brine  leaching  processes  may 
be  more  clearly  understood,  the  following  reactions  are  presented: 
In  leaching  the  chief  reaction  is  as  follows: 

xXaCl+CaCl2+H2S04-|-PbC03=PbCl2+xXaCl+CaS04-fC02+H20 

This  is  the  reaction  sought  as  ideal.  If  not  enough  calcium  chlo- 
ride is  present  in  the  brine  returning  from  precipitation  all  the  sul- 
phates will  not  be  precipitated  and  some  sodium  sulphate  will  be 
left  in  the  leaching  solution.  Some  of  the  usual  impurities  enter  the 
leaching  solution  by  the  following  reactions: 

2XaCl+H2S04=Na2S04+2  HC1 
Fe203+6  HC1=2  FeCl,+3  H20 
Al203+6  HC1=2  AlCl3-!-3  H20 
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The  purification  of  the  solution  is  based  on  the  following  reactions: 

CaC03+2  HCl=CaCl2+H20+C02 
3CaC03+2  FeCl3+3  H20=2  Fe(OH)3+3  CaCl2+3CO., 
3CaC03+2  AlCla+3  H,,0=2  Al(OH)a+3  CaCL+3(  !< ) . 
CaCl,+Xa.S04=CaS04+2  Xa<  1 

In  precipitation  with  lime  the  reaction  can  be  written  as  follows: 
Ca(OH)2+Pbrl,+xXaCl=Pb(OH)2+xNaCl+CaCl2 

For  electrolytic  precipitation  the  reaction  is — 

xNaCl+PbCl2+Fe+Elec.=xXaCl+Pb+FeCl2 

ROASTING   AND    LEACHING    OF    ARGENTIFEROUS    OXIDIZED 

ORES    OF   LEAD. 

In  the  treatment  of  lead  ores  containing  silver,  the  problem  of  ex- 
tracting the  silver  with  the  lead  complicates  matters.  Unless  the 
silver  is  present  as  silver  chloride  it  will  usually  not  dissolve  in  an  acid 
brine  except  under  the  conditions  mentioned  on  page  53,  where  ferric 
chloride  in  the  brine  seemed  to  add  slightly  to  its  dissolving  power, 
as  far  as  silver  is  concerned.  Hence,  some  method  of  chloridizing 
the  silver  is  needed. 

In  former  days,  before  the  advent  of  the  cyanide  process,  the  princi- 
pal hydrometallurgical  method  of  recovering  silver  consisted  of  a 
chloridizing  roast  to  render  the  silver  soluble  in  either  a  solution  of 
sodium  thiosulphate  or  brine.  The  latter  constituted  what  was  called 
the  Augustine  process.  Chloridizing  roasting  was  done  in  the  old 
style  reverberatory  furnaces,  and  was  acknowledged  to  be  a  delicate 
operation,  as  there  were  volatilization  losses  when  the  temperature 
was  too  high  and  losses  of  insoluble  silver  when  other  conditions  were 
not  just  right.  In  present-day  metallurgy  losses  from  volatilization 
can  be  prevented  with  the  use  of  electrical  precipitation  apparatus, 
which  utilizes  high-tension  direct-current  discharges  through  gases, 
but  losses  of  insoluble  silver  from  improper  roasting  are  still  to  be 
feared. 

TESTS   AT   ONTARIO  MILL. 

A  year  before  the  experimental  work  at  the  Utah  station  was  be- 
gun, a  modification  of  the  Augustine  process  was  tried  in  two  mills 
in  Utah.  One  was  the  old  Ontario  mill  at  Park  City,  treating  stope 
fillings  from  the  Ontario  mine.  In  this  mill  a  Holt-Dern  roaster  a 
was  used  for  the  chloridizing  roast.  The  Holt-Dern  roaster  is  a  shaft 
roaster  7  by  9  feet  in  horizontal  section,  in  which  the  charge  fills  the 
shaft  and  heat  is  generated  by  the  burning  of  fuel  mixed  with  the 
ore  or  of  sulphides  in  the  ore,  a  blast  of  air  being  supplied  from  below. 
Drawings  of  one  form  of  this  roaster  are  shown  in  figure  9.    The  mix- 

a  Dern,  G.  H.,  and  Holt,  T.  P.,  Ore  roaster:  U.  S.  patent  1113962,  Apr.  9,  1914. 
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time  <>f  niv  and  fuel  is  ignited  at  the  bottom  and  1 1 » *  -  roasting  zone  trav- 
el- upward.    The  method  proposed  l>\  the  makers  involved  removal 


Figure  9.— Sections  of  Holt-Dern  roaster. 


of  the  calcines  at  the  bottom  at  intervals  of  about  an  hour,  fresh 
charge  being  added  at  the  top,  so  that  the  roasting  zone  would  be 
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maintained  about  midway  up  the  furnace.  The  cold  charge  above 
the  roasting  zone  would  catch  most  of  the  material  that  tends  to 
volatilize.  The  fuel  consumption  would  be  low,  not  more  than  2  or  3 
per  cent  of  coal  dust,  or  4  per  cent  of  sulphur  being  needed. 

This  roaster  was  thoroughly  tested  at  the  Ontario  mill.  The  re- 
sults showed  that  from  the  oxidized,  siliceous  material  tested  an 
extraction  of  90  per  cent  of  the  silver,  gold,  and  copper  content  was 
possible  when  a  leach  containing  20  per  cent  sodium  chloride  was  used. 
Such  a  brine  is  not  a  good  solvent  for  lead,  although  considerable  lead 
was  recovered  along  with  the  cement  copper  from  the  scrap-iron  pre- 
cipitation launders  of  the  mill.  The  method  proposed  by  the  writers 
involves  the  use  of  brine  containing  26. S  per  cent  sodium  chloride, 
which  would  be  a  better  solvent  for  the  lead. 

TESTS  AT  KNIGHT-CHRISTENSEN  MILL. 

The  other  mill  in  which  brine-leaching  tests  were  made  was  known 
as  the  Knight-Christensen  mill,  in  Silver  City,  Utah,  in  the  Tintic 
district.  The  procedure  was  similar  to  that  at  the  Ontario  mill, 
except  that  a  down-draft  roaster  with  a  shallow  bed  of  ore  was  used 
for  the  chloridizing  roast.  This  roaster,  patented  by  Christensen,0 
resembles  a  circular  Dwight-Lloyd  sintering  machine,  with  a  suction 
box  beneath  a  porous  annular  grate.  The  experimental  mill  was 
practically  completed  when  it  was  burned  down.  Various  parts  of 
the  mill  had  been  installed  and  thoroughly  tested  and  the  problem 
under  way  at  the  time  it  burned  was  precipitation  of  the  lead,  cop- 
per, gold,  and  silver  in  metallic  form,  ready  for  marketing,  from  the 
solutions  obtained  by  leaching.  The  feasibility  of  extracting  all 
four  metals  from  the  ores  seemed  assured,  as  the  mill  leaching  solu- 
tions had  been  tested  a  number  of  times  with  favorable  results. 

BTJREATJ  OF  MINES  TESTS. 

"With  this  much  data  in  hand,  tests  were  made  at  the  Salt  Lake 
City  station  to  determine  whether  the  saturated  brines  used  for  the 
leaching  of  lead  alone  could  extract  silver  in  the  same  proportion 
from  an  ore  that  had  been  properly  prepared  by  roasting  in  a  chlo- 
ridizing  atmosphere. 

Three  types  of  material  were  tested — material  from  the  Colorado 
mine  in  the  Tintic  district,  material  from  the  American  Flag  mine 
in  the  Park  City  district,  and  tailing  from  the  Wilbert  dump  in 
Arco,  Idaho. 

PROCEDURE    IN    TESTS. 

A  Holt-Dern  roaster  of  laboratory  size  was  used  in  these  tests. 
This  roaster  (fig.  10)  was  constructed  of  reinforced  concrete  in  two 
sections — a  top  or  shaft  and  a  base.     The  shaft  was  filled  with  a 

o  Christensen,  N.  C,  jr.,  Method  of  treating  ores  and  the  like:  U.  S.  patent  1075011,  Mar.  26,  1913. 


OXIDIZED   ORES   OF    II  \l>. 


61 


I 


-1 

IL 


■SCWf/v 


MT/pr/cx/.  >s?cr/o/v 


fitr/pr/ou.  S/fT?77Cw 


oharge  of  ore  and  fuel  which  rested  on  a  piece  of  Bcreen  over  a  wind 
box  in  the  base.  The  charge  \\  as  ignited  al  the  bottom  by  means  of  a 
gas  burner,  placed  in  the  wind  box,  thai  was  lighted  before  thechi 

was  (lumped  in.  As  a  rule  it  was  also  necessary  to  form  a  thin  bed 
of  glowing  coals  above  the  screen  before-  dumping  in  the  charge. 
After  the  charge  bad  ignited  the  gas  was  turned  off,  as  there  was 
usually  no  difficulty  in  keeping  up  combustion  if  sufficient  air  was 
supplied. 

The  method  of  mixing  the  charge  was  important.  The  materia] 
had  to  be  mixed  dry  with  powdered  coal  or  coke  and  then  enough 
water  was  added  to  the 
mixture  so  that  some  of  it 
would  just  hold  together 
when  pressed  in  the  hand. 
When  tumbled  in  a  box  or 
passed  through  a  coarse 
screen,  the  moistened  mass 
tends  to  form  into  little 
balls  about  one-fourth  inch 
in  diameter.  Inblastroast- 
ing  such  a  mixture  will  be- 
come light  and  fluffy  as  it 
dries  out,  and  most  mate- 
rials will  not  roast  well 
unless  previously  prepared 
in  this  way.  Even  a  well- 
recognized  "slime"  can  be 
balled  in  this  way  to  permit 
successful  roasting  without 
too  great  a  loss  of  metal  in 
the  dust.  Oil  may  be  used 
instead  of  solid  fuel  but 

must     be    added     after    the     'IGURE  10  —  Details  oflaboratory  roaster  of  Holt-Dern  type. 

moisture  has  been  stirred  in,  as  the  dry  material  would  absorb  the 
oil  so  quickly  that  a  few  oily  lumps  would  form  and  the  rest  of  the 
material  would  contain  no  oil. 

In  the  large  roasters  at  Park  City  material  crushed  to  pass  a  one- 
half  inch  ring  was  used,  but  ores  that  will  give  good  extraction  on 
such  coarse  crushing  are  rare.  A  laboratory  roaster  will  usually 
require  material  fine  enough  to  pass  through  2-mm.  or  1-mm.  mesh 
sieve.  The  salt  (sodium  chloride)  must  be  finely  granulated  in  order 
that  good  chloridizing  roasting  can  take  place.  Also,  the  presence  of 
sulphides  of  some  kind,  or  of  sulphur,  is  usually  required  for  good 
chloridizing,  as  has  been  mentioned  in  nearly  every  textbook  on  the 
subject.     Pyrite   is   added   to    the   carbonate   ores   whenever   they 
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contain  no  sulphides.  The  pressure  of  air  applied  will  determine 
the  temperature  of  the  roast  for  any  given  amount  of  fuel.  Tempera- 
tures below  600°  C.  are  difficult  to  maintain.  In  a  laboratory  roaster 
of  the  size  used  the  roasting  lasts  one  to  two  hours  before  fire  appears 
at  the  top  and  dies  out. 

The  laboratorv  roaster  had  been  checked  against  the  large-scale 
practice  in  the  Ontario  mill  with  somewhat  unfavorable  results. 
However,  several  tests  were  made  with  this  roaster. 

TESTS    OF    MATERLVL    FROM    MINE    LN    TINTIC    DISTRICT. 

Ore  from  the  Colorado  mine  in  the  Tintic  district  was  tested  in 
three  different  ways.  The  data  of  these  tests,  made  by  C.  L.  Larson, 
are  shown  in  Table  23.  Only  enough  ore  for  three  20-pound  roasts 
was  available. 

Table  23. — Results  of  shaft  roasting  of  argentiferous  lead  carbonate  ore  from  the  Colorado 

mine. 

[Tests  by  C  L.  Larson.] 

Assay  of  original  material:  Lead,  5. 5  per  cent;  silver.  7.9  ounces  per  ton:  quantity  used  per  charge,  11 

pounds. 


Charge. 

Volatil- 
ized lead, 

Percentage  of  total  lead  ex- 
tracted by — 

Silver 
extrac- 
tion. 

Temper- 
ature of 
roast. 

Sulphide. 

Coal. 

Sodium 
chloride. 

per  cent 
of  total. 

Water. 

Brine. 

Acidified 
brine. 

Per  cent. 

4.5 

None. 

2.3 

Per  cent. 
1.1 
2.3 
1.1 

Per  cent. 
None. 
13.6 
13.6 

0 

4.46 

3.47 

0 
0 
12 

42 
11 
55 

100 
84 
93 

Per  cent. 
48 
43 

70 

"C. 

960 
625 
600 

In  the  first  test  only  pyrite,  and  no  sodium  chloride,  was  added 
to  the  ore  to  determine  the  effect  of  the  presence  of  sulphides  on 
the  solubility  of  the  lead  in  the  calcines.  Supposedly  the  sulphur 
in  the  pyrite  would  form  sulphur  dioxide  and  trioxide  and  these 
would  react  with  the  lead  to  form  lead  sulphite  and  lead  sulphate, 
both  of  which  are  soluble  in  neutral  brine.  In  order  to  differentiate 
between  lead  oxide  or  lead  carbonate,  which  is  soluble  in  acidified 
brine,  and  lead  chloride,  which  is  soluble  in  hot  water,  each  of  the 
calcines  was  given  three  leaches — one  with  hot  water,  one  with 
neutral  brine,  and  one  with  acidified  brine.  The  proportion  of 
sulphate  or  sulphite  lead  formed  was  42  per  cent  of  the  total  lead 
content,  and  all  of  the  lead  was  soluble  in  acidified  brine. 

In  the  second  test  only  sodium  chloride  was  added  to  the  ore  to 
determine  how  efficient  it  would  be  in  chloridizing  the  lead  without 
the  addition  of  sulphide  to  the  ore.  Seemingly  roasting  with  salt 
leaves  some  of  the  lead  in  a  form  insoluble  in  acidified  brine. 

The  mixture  used  in  the  third  test,  containing  both  salt  and  pyrite, 
fulfills  the  conditions  for  good  chloridizing  of  silver  as  stated  by  Holt 
and  by  Christensen,  and  mentioned  in  textbooks  on  the  hydrometal- 
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lurgy  of  silver.  A  fairly  good  extraction  <>f  silver  was  obtained 
under  these  conditions  and  a  93  per  cent  extraction  <»f  the  lead.  The 
results  of  these  three  tests  hence  lead  to  the  conclusion  that,  under 
proper  conditions  for  chloridizing  the  silver  in  t  his  ore.  t  he  lead  can  be 
extracted  by  leaching  with  acidified  brine.  Unit  found  that  when  he 
was  able  to  gel  as  high  as  70  per  cent  extraction  of  the  silver  in  the 
testing  master  used  by  him  he  was  usually  able  t<>  get  a  somewhat 
higher  extraction  in  the  large  roaster,  the  difference  being  about  10 
per  cent.  This  difference  is  probably  due  to  the  Longer  length  of  time 
the  ore  was  in  the  largo  roaster,  this  time  often  being  8  to  24  hours. 

TESTS   OF   MATERIAL   FROM    MINI.    IN     I'AKK    CITY    DISTRICT. 

Material  from  the  American  Flag  mine,  in  the  Park  City  district, 
Utah,  was  next  tested  by  the  same  methods.  This  material  was  not 
much  different  from  that  treated  by  the  Ontario  mill,  except  that  it 
was  higher  in  gold.  A  mill  known  as  the  Park  City  mill  was  built  to 
treat  this  material  with  the  Intent  of  using  the  same  kind  of  machinery 
and  the  process  used  at  the  Ontario  mill.  Trouble  from  the  lime  con- 
tent, about  10  per  cent  CaO  in  the  material  finally  sent  to  the  mill, 
and  difficult  extraction  of  the  gold  caused  this  plant  to  close  down 
after  running  one  month.     To  date  it  has  not  resumed  operations. 

Results  of  the  laboratory  tests  on  this  material  are  shown  in  Table 
24.  The  analysis  of  the  iron  sulphide  used  for  aiding  chloridization 
shows  4.4  per  cent  zinc,  'A  per  cent  lead,  and  0.78  ounce  silver  per 
ton.  The  leaches  of  the  unroasted  ore  and  the  unroasted  sulphide 
show  that  practically  all  of  the  silver  and  all  of  the  zinc  in  both  ore 
and  sulphide,  and  74  per  cent  of  the  lead  in  the  ore  and  95  per  cent  of 
the  lead  in  the  sulphide,  were  soluble  in  acidified  brine  without 
roasting. 

Table  21. — Results  of  shift  roasting  of  argentiferous  leadcarbonatt  orefrom  the  American 

Floy  mim  . 

[Tests  by  C.  L.  Larson.] 

Assay  of  original  material:  Lead,  4.16  per  cent;  zinc,  6.93  per  cent:  sliver,  15.94  ounces  per  tan.    \v<ayof 
sulphide  used:  Lead,  3.0percent;  zinc, 4.1  percent;  silver,  0.78  ounce  per  ton. 


Test  No. 

Charge. 

Extraction  of— 

Ore. 

Sodium, 
chloride. 

Coal. 

Sulphide. 

Zinc. 

liead. 

Silver. 

Pou  nds. 

Per  cent. 

P ft  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

1 

10 

7 

5 

0.0 

50.3 

12.0 

85.3 

2 

8 

7 

3 

2.0 

71.5 

100.  0 

92.2 

3 

2 

3. 

51.7 

100.0 

71.3 

4 

6 

7 

1 

4.0 

100.0 

0.0 

5 

9.5 

7 

3 

0.5 

31.3 

13.9 

44.6 

6 

9 

7 

3 

1.0 

43.  3 

43.  S 

62.0 

7 

8.5 

7 

3 

1.5 

58.6 

71.6 

81.0 

8 

9.2 

5 

2 

.75 

54.1 

53.3 

87.9 

9 

9.2 

7 

3 

.75 

63.1 

60.5 

87.9 

85.9 

74.1 

89.7 

Unroaste 

31.7 

95.0 

0.0 

Average  loss  of  weight  in  roasting,  7.1  per  cent. 
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The  extractions  of  every  metal  except  lead  unexpectedly  decreased 
with  the  addition  of  sulphide  to  the  charge  before  roasting.  Adding 
a  small  proportion  of  sulphide  seemed  to  make  the  lead  much  less 
soluble,  but  increasing  proportions  up  to  40  per  cent  rendered  the 
lead  entirely  soluble.  With  proportions  of  sulphide  of  more  than  20 
per  cent  the  extraction  of  the  silver  fell.  In  every  test  the  zinc 
in  the  roasted  material  was  less  soluble  than  in  the  unroasted  mate- 
rial. As  a  whole,  chloridizing  roasting  failed  to  improve  the  extrac- 
tions of  metals  from  this  material  and  was  generally  a  hindrance  to 
good  extraction.  It  was  thought  that  the  lead  was  converted  to  basic 
sulphate  to  a  greater  extent  in  the  presence  of  sulphides  during  the 
roasting,  and  results  of  later  tests  confirmed  that  view.  This  accounts 
for  the  higher  extractions  of  lead,  but  the  causes  of  the  lower  extrac- 
tions of  the  silver  are  not  known.  The  fact  that  the  silver  in  the  raw 
material  was  soluble  would  seem  to  indicate  that  it  was  present  as 
chloride  of  silver,  and  prolonged  heating  of  silver  chloride  at  the 
roasting  temperatures  could  cause  thermal  decomposition  of  silver 
chloride  into  metallic  silver  and  chlorine.  Good  chloridizing  roasting, 
as  mentioned  by  Hoffmann,0  has  always  been  carried  to  the  point 
where  silver  chloride  has  been  formed  and  no  further. 

TESTS    OF    MATERIAL    FROM    TAILINGS    DUMP. 

The  strange  behavior  of  the  lead  in  these  two  ores  during  roasting, 
led  to  further  experiments  to  determine  the  effect  of  sodium  chloride 
and  of  sulphide,  individually  and  together,  on  the  roasting  of  material 
containing  lead  carbonate  in  the  shaft  roaster.  A  large  supply  of 
the  material  from  the  Wilbert  tailings  dump  was  at  hand  and  some 
of  it  was  used  for  the  purpose.  The  absence  of  sulphur  and  of  other 
contaminants  made  this  material  desirable  for  this  purpose.  Two 
series  of  roasts  were  made,  the  results  are  shown  in  Table  25.  In  the 
first  series  of  roasts,  common  salt  was  added  and  no  sulphide;  in  the 
second  series  both  sulphide  and  salt  were  added  to  the  charge,  except 
in  two  tests  in  which  no  salt  was  used. 

Roasting  this  material  at  temperatures  between  500°  and  800°  C, 
with  salt  added  and  no  sulphide  present,  did  not  convert  a  high 
percentage  of  the  lead  content  into  chloride  of  lead.  Chloride  of  lead 
is  soluble  in  hot  water,  hence  the  results  of  the  hot-water  leaches 
indicate  the  efficiency  of  the  roasting.  Unexpectedly,  more  lead  was 
soluble  in  hot  brine  than  in  hot  water  after  such  a  roasting,  as  is 
shown  by  tests  1,  2,  and  3.  However,  the  efficiency  of  the  process  is 
very  low.  By  using  a  considerable  amount  of  salt  and  roasting  the 
mixture  twice,  in  order  to  give  a  longer  time  of  treatment,  the  content 
of  water-soluble  lead  chloride  was  increased  to  45.9  per  cent.  As 
can  be  seen  from  the  later  tests,  it  was  found  that  the  extraction  could 

a  Hofmann,  Ottokar,  Hydrometallurgy  of  silver,  1907,  p.  20. 
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be  increased  to  a  sal  isfactory  degree  by  double  roasl  ing  of  I  be  material 
after  liner  grinding,  Followed  by  brine  leaching      \-  much  as  9 
per  een l  of  1  he  lead  was  recovered  in  this  way.  nor  does  it  seem  possible 

(o  get  good  extractions  without  such  treatment. 

Table  25,     Results  of  shaft  roasting  of  material  from  Wilbert  tailings  dump, 

C.  1    in  on  | 
i  per  cent ;  <i\\  er,  0.75  ounce  per  ton. 


rrw 

No. 


i  barge. 


( >re. 


Fine- 
ness, 
mesh. 


g 

8 

8 

8 

28 
28 
28 
28 
LOO 

B 

s 
8 


100 


Weight, 


Pounds. 

2,5 
23 
22 
22 
20 
20 
20 


19 


18 
1(').5 


NaCl. 


Per 

ant. 
4.0 
■1.3 
4.5 
4.5 
10.0 
5.0 
.0 
5.0 
6.5 
5.0 
5.0 
4.5 
8.0 

10.0 
.0 

3.0 
3.0 

4.0 
3.0 

5.0 
4.0 

3.0 

3.0 
5.0 
3.0 
6.0 
None. 
3.0 
None. 
3.0 
3.0 
10. 0 
10.  0 
10.0 
10.0 
11.0 
6.6 
6.6 
12.  S 


FeS, 


Per 

cait. 
None. 
...do. 
...do. 

..do. 

..do. 

..do. 

..do. 
...do. 
...do. 
...do. 
...do. 
...do. 
...do. 

...do. 
...do. 

...do. 
...do. 

...do. 
...do. 

...do. 

...do. 

...do.. 

5.0 
7.5 
10.0 
12.0 
12.0 
4.0 
5.0 
5.0 
6.0 
6.0 
8.0 
8.0 
8.0 
8.0 
4.0 
4.0 
8.0 


I  oal. 


Per 
cent. 
2.0 
3.0 
2.5 
2.0 
2.0 
2.5 
2.0 
2.0 
2.0 
2.0 
3.0 
3.0 
3.0 

3.0 
2.5 

2.0 
2.5 

2.0 
2.5 

3.0 
2.0 

2.5 

.0 
2.0 


None. 

2.0 

1.0 

1.0 

.0 

1.0 

.0 

.0 

.0 

1.5 

2.0 

2.0 

1.0 


11 ,0. 


Per 

cent. 

4.0 
5.0 
6.0 

6.5 

7. 5 
6  :, 
6  5 
7.2 
9.0 
10.0 
9.0 

8.5 
8.0 

8.5 
7.0 

8.5 
8.0 

S.5 
8.0 
8.0 

6.5 
8.0 
7.0 
7.0 
7.0 
8.0 
9.0 
9.0 
8.0 
8.0 
8.0 
8.0 
15.0 
8.0 
9.0 
9.0 
9.0 


Tem- 

turi'. 


'  C. 
425 
7)0 
830 
660 
680 
810 

790 
555 

775 
790 
vio 
840 

750 

840 

040 
850 

630 
840 

750 
620 


440 

865 
758 

790 

640 

700 
600 
700 

- 

760 

750 

- 


Time. 


Hours 

4.0 

2.0 

1.5 

1.75 

1.3 

1.3 

1.2 

1.0 

1.5 

.8 

.7 

.7 

1.2 

1.0 
1.1 


.9 
.8 

10 

1.0 

1.0 


total  lead 
souble  in 


lint 
wilier. 


Brine. 


10.3 

7.3 

7.0 

3.0 

.0 

45.9 


22. 0 
.0 

70  8 
41.2 
R7.S 
56.8 

.0 
39.6 

.0 
12.0 

1.6 

64.6 


fa  27.4 
16  49.2 


1.3 

1.0 

.66 
1.0 

.9 
1.3 

.75 

.75 

.8 

.75 

.9 
1.0 

.8 
1.0 
1.2 
1.0 


15.7 
18.2 

19.6 

8.0 

.0 


Remarks. 


92.  7 
60.4 
87.  1 
70.8 


Double  roasting. 

f  Salt  added  last,  double 

(    roast. 

lFinely     Rround,     and 

(    double  roast. 

i  High  temperature,  and 

/    double  roast. 

{Very  fine  grinding, 
double  roast,  with  all 
salt  in  first. 

| Double  roast. 

I Double  roast,  cooled  in 
neutral  atmosphere 
(ai r) ,  <i uenched  in  wa- 
ter. 


^Double  roast. 


Artificial  ore,  PbO. 


a  Cooled  in  air. 


^  Quenched  in  water. 


The  anomalous  behavior  of  a  number  of  the  roasts  led  to  the 

belief  that  the  lead  chloride  was  being  converted  to  some  other  form 

not  soluble  in  water.     In  every  test,  more  lead  was  soluble  in  brine 

than  in  hot  water,  although  in  many  of  the  tests  it  seemed  that  the 
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percentage  of  insoluble  lead  was  larger  than  it  should  be.  This  might 
be  explained  on  the  assumption  that  either  silicates  of  lead  were 
forming  or  some  oxychloride  of  lead.  Some  of  the  quick  high- 
temperature  roasts  that  were  not  in  contact  with  air  as  long  as 
some  of  the  others  gave  higher  extractions,  so  it  was  thought  that 
possibly  the  exclusion  of  air  during  cooling  of  the  calcine  might 
prevent  the  formation  of  such  compounds.  Covering  the  furnace 
during  cooling  partly  excluded  the  air,  and  it  seems  that  the  extraction 
was  higher.  Quenching  in  water  also  seemed  to  considerably  improve 
the  process.  Due  to  variations  in  roasting,  it  was  not  possible  to 
be  sure  that  these  methods  of  handling  the  hot  calcines  were  doing 
what  they  seemed  to  do.  Therefore,  in  test  21  part  of  the  calcine 
was  quenched  in  water  as  soon  as  the  roasting  was  completed,  and 
the  rest  was  covered  to  exclude  air.  The  quenched  calcine  gave  an 
extraction  of  49  per  cent  in  hot  water,  whereas  the  calcine  that  was 
cooled  slowly  with  partial  exclusion  of  air  only  gave  27  per  cent 
extraction.  This  seemed  to  prove  that  the  lead  chloride  was  being 
converted  into  some  insoluble  complex  compound  during  cooling. 

In  any  event,  double  roasting  of  such  low-grade  material  would 
not  be  practicable,  so  the  effect  of  adding  sulphide  was  next  taken  up. 
The  results  of  tests  27  and  29  show  that  with  sulphide  alone  less  lead 
sulphate  is  formed  than  when  both  pyrite  and  sodium  chloride  are 
used.  Whether  the  pyrite  helps  in  the  chloridizing  or  the  sodium 
chloride  helps  in  the  sulphating  of  the  lead  is  impossible  to  say,  as 
any  lead  chloride  formed  would  react  with  the  sodium  sulphate  as 
soon  as  leaching  was  begun.  Hence  brine  is  needed  for  the  leaching, 
as  it  will  dissolve  both  lead  chloride  and  lead  sulphate.  In  tests  33 
to  39  more  salt  was  used  and  better  extractions  were  obtained.  This 
would  make  it  appear  that  the  presence  of  pyrite  helps  chloridizing. 
Evidently  about  8  per  cent  of  sodium  chloride  and  the  same  of  pyrite 
are  necessary  to  get  higher  than  an  80  per  cent  extraction  of  the  lead 
in  this  material. 

An  analysis  of  some  of  the  tailing  showed  that  about  80  per  cent 
of  the  silver  in  the  original  material  was  also  chloridized  and  ex- 
tracted. 

The  action  of  the  lead  in  the  roasts  where  no  pyrite  was  added  was 
still  puzzling.  There  are  several  known  oxychlorides  of  lead  that  are 
insoluble,0  and  one  of  them  is  prepared  by  heating  lead  chloride. 
Some  chemically  pure  lead  chloride  was  heated  in  a  porcelain  crucible 
to  a  low  red  heat  and  first  melted  down.  At  red  heat  it  began  to 
give  off  fumes  of  chlorine  and  probably  some  lead  chloride  volatilized. 
A  yellow  residue  resulted,  which,  on  being  boiled  witli  water,  turned 
white  and  was  mostly  insoluble.     This  seems  to  indicate  the  cause 

o  Muir,  '.I.  M.  P.,  and  Morley,  H.  F.,  Watts' dictionary  of  chemistry,  vol.  3,  1912,  p.  1C6. 
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of  the  trouble.  In  the  highly  chloridizing  atmosphere  afforded  by 
the  reaction  of  the  oxides  of  sulphur  from  burning  pyrite  on  the 
sodium  chloride,  the  lead  chloride  formed  « ■<  n  1  h  1  aot  decompi 
thermally,  whereas  in  the  presence  of  Bodium  chloride  alone  the 
thermal  decomposition  of  lead  chloride  gradually  took  place,  espe- 
cially in  a  stream  of  air. 

i  ONCLUSIONS    I  ROW    RES1  I  I  3  Ol      i  Efi  M. 

The  conclusions  to  be  drawn  from  these  experiments  are  as  follows: 

1.  Argentiferous  lead  carbonate  ores  in  which  the  lead  and  Bilver 
are  not  already  in  soluble  forms  can  be  chloridized  in  a  shaft  roaster 
of  the  type  used.  The  experience  of  two  mills  operating  for  consid- 
erable lengths  of  time  has  shown  that  these  ores  will  yield  their  silver, 
and  experiments  at  the  Bureau  of  Mines  station  .-how  the  conditions 
necessary  for  keeping  tin1  lead  in  soluble  form. 

2.  The  addition  of  both  salt  and  sulphide  to  the  charge  i-  necessary 
in  roasting  in  order  that  the  lead  may  he  converted  to  a  form  soluble 
in  a  neutral  brine.  Lead  carbonate  and  the  compounds  into  which 
it  is  converted  in  roasting  are  soluble  in  acid  brine,  so  that  the  roast 
need  not  be  controlled  with  the  idea  of  converting  the  lead  into 
forms  soluble  in  water  or  in  neutral  brines.  The  requisite  conditions 
for  properly  chloridizing  the  silver  are  the  addition  of  both  salt  and 
sulphides  to  the  roast  in  order  to  get  good  chloridizing,  and  these 
conditions  will  not  interfere  with  efficient  extraction  of  the  lead. 

3.  Some  lead  is  volatilized  at  the  temperatures  used  in  roasting, 
but  if  the  temperature  is  not  allowed  to  rise  above  700°  C.  the  amount 
volatilized  will  be  small,  and  the  use  of  an  electrical  precipitator,  as 
shown  in  later  experiments,  will  collect  all  of  the  material  that 
volatilize-. 

VOLATILIZATION    OF    LEAD    FROM    OXIDIZED    ORES. 

Throughout  the  experiments  described  in  the  foregoing  pages  il 
was  noticed  that  some  lead  always  volatilized  in  roasting,  especially 
when  a  charge  of  shallow  depth  was  used.  Presumably  the  volatil- 
ized lead  was  lead  chloride,  as  the  boiling  point  of  lead  chloride  is 
placed  at  S61°C.a  Before  any  attempt  to  utilize  this  fact  had  been 
made  by  the  bureau,  it  was  learned  that  N.  C.  C'hristensen  had  been 
utilizing  this  idea  in  a  proposed  new  process  that  he  was  developing 
for  a  mining  company  at  Pioche,  Nev.  Subsequently  a  number  of 
tests  were  made  by  C'hristensen  at  the  Bureau  of  Mines  station,  with 
the  assistance  of  M.  J.  Udy. 

a  Landolt.  II.  II.,  Landolt-Bornstein  physikalische-chemiscbe  Tabelleu.  i  p.  270. 
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TESTS  WITH  CHRISTENSEN  ROASTER. 

Christensen  used  a  laboratory  roaster  he  had  developed  for  test- 
ing ore  in  the  Knight-Christensen  mill,  at  Silver  City,  that  had 
burned.  As  previously  stated,  the  commercial  Christensen  roaster 
for  chloridizing  ores  is  a  down-draft  roaster  with  a  circular  hearth 
of  annular  shape  and  a  suction  box  beneath  for  creating  the  draft. 
A  shallow  bed  of  ore  is  used  (4  to  8  inches)  and  conditions  for  vol- 
atilization of  lead  chloride  are  much  better,  as  there  was  no  zone 
of  cold  ore  to  condense  volatilized  material. 

The  roaster  brought  by  him  to  the  bureau  laboratory  is  shown  in 
figure  11.  This  roaster  was  constructed  from  a  piece  of  8-inch 
pipe  with  a  cap  on  the  lower  end.  The  charge  was  supported  on  an 
iron-wire  screen.  Air  was  sucked  down  through  the  charge  with 
a  Root  cycloidal  blower,  the  gases  being  discharged  from  the  blower 
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Figure  11. — Christensen  down-draft  laboratory  roaster. 


on  the  pressure  side.  To  regulate  the  draft  through  the  charge  a 
valve  in  a  T  joint  in  the  suction  pipe  was  set  to  cause  the  proper 
suction.  The  charge  was  ignited  by  means  of  an  electric  igniter 
made  of  resistance  wire.  This  igniter  consisted  of  a  piece  of  per- 
forated sheet  asbestos  on  the  underside  of  which  was  wound  a 
spiral  helix  of  No.  22  B.  &  S.  gage  nichrome  wire,  connected  to  a 
110-volt  lighting  circuit.  The  furnace  was  charged  with  material 
that  had  been  crushed  and  prepared  in  the  same  way  as  for  the 
Holt-Dern  laboratory  roaster.  The  igniter  was  placed  over  the 
charge  and  the  current  turned  on.  After  the  ore  on  top  showed 
that  it  was  getting  hot,  by  a  slight  crackling  or  glowing,  the  blower 
was  started  and  immediately  the  charge  would  ignite.  As  soon  as 
the  surface  of  the  charge  was  glowing  the  current  was  turned  off 
and  the  igniter  removed.  The  combustion  zone  would  travel  down 
through  the  charge  in  5  to  20  minutes,  and  the  fire  would  then  die 
out  unless  the  charge   consisted  principally  of    sulphide  minerals, 
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when  the  whole  mass  would  ignite  and  burn  for  as  much  us  an  hour. 
It  was  found  best  to  support  the  screen  in  a  smaller  piece  of  pipe 
that  would  lit  into  the  pipe  show  d  in  the  drawing.  This  piece  could 
l>e  conveniently  Lifted  out  with  the  roasted  charge  of  ore. 

The  experiments  by  Christensen  with  his  ma- in-  in  the  bureau  lab- 
oratory are  described  in  the  following  paragraphs.  The  basic  theory 
was  that  at  higher  tempera!  ures  than  those  necessary  for  chloridizing 

of  silver  the  lead  chloride  formed  is  volatilized.      The  temperatures 

used  should  he  near  to  or  above  the  boiling  point  of  lead  chloride, 
861°C.  Too  high  a  temperature  will  decompose  any  silver  chloride 
formed  in  the  roasting  process.  In  roasting  a  carbonate  <>re  mixed 
with  powdered  COal  and  salt  il  is  a  peculiar  fact  that  the  only 
metal  to  be  volatilized  as  cliloride  in  important  amounts  at  tl 
temperatures  and  in  the  length  of  time  allowed  for  roasting  in  this 
furnace  is  lead.  Only  a  very  small  amount  of  silver,  gold,  or  copper 
volatilizes,  and  hardly  any  zinc  chloride  is  formed.  In  order  to 
get  a  good  extraction  of  the  lead  by  volatilization,  the  temperature 
must  he  raised  so  high  that  all  of  the  silver  will  not  he  soluhlo  in 
saturated  brine. 

TESTS    OF     MATERIAL    FROM     1U  I.I. M  >\V  1 1.1  I.    TAILING     DUMP. 

The  first  material  tested  was  that  from  the  Bullionville  tailing 
dump  near  Pioche,  Nev.  This  is  finely  ground  oxidized  material 
containing  lead  carbonate  and  some  gold  and  silver.  The  sample 
tested  had  the  following  content  of  valuable  metals:  Lead,  9.7  per- 
cent; copper,  0.32  per  cent;  silver  10.9  ounces  per  ton;  and  gold, 
0.135  ounce  per  ton.  The  material  in  this  dump  had  been  treated 
three  times  previous  to  being  left  in  its  present  condition,  having 
been  pan-amalgamated  twice  tod  cyanided  once. 

The  results  of  the  tests  are  shown  in  Table  26.  In  some  of 
the  tests  pyritic  sulphide  was  added  to  the  charge  to  assist  chlo- 
ridizing, and  in  others  limited  proportions  of  sulphide  were  used 
and  ground  coal  was  added  to  provide  sufficient  fuel.  In  other  tests 
only  coal  was  used  in  order  to  determine  whether  it  was  possible  to 
chloridize  and  volatilize  the  lead  without  using  sulphides.  In  these 
tests  the  stronger  the  suction  the  higher  was  the  temperature  with 
a  given  quantity  of  fuel. 

"With  increasing  temperature  more  and  more  of  the  lead  was 
volatilized.  However,  in  order  to  leach  gold  and  silver  from  the 
tailing  with  a  brine  solution,  the  optimum  conditions  for  their 
extraction  are  such  that  30  per  cent  of  the  lead  is  not  volatilized. 
The  calcines  were  leached  with  four  parts  of  brine  to  one  of  original 
material,  hence  those  charges  in  the  tests  that  show  low  volatiliza- 
tion of  the  lead  contained  too  much  lead  to  he  taken  into  solution. 
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Hence  the  lead  content  in  the  tailings  of  the  first  three  or  four  tests 
was  high.  However,  the  conclusion  can  be  made  that  if  the  extrac- 
tion of  lead  is  all  that  is  desired,  the  lead  can  be  volatilized  by  mixing 
the  raw  material  with  salt  and  roasting  at  a  temperature  above  the 
boiling  point  of  lead  chloride  (861°  C.)  in  a  blast  roaster  with  a 
shallow  bed. 

Table  26. — Results  of  volatilization  of  lead  chloride  from  Bullionville  tailing. 
[Tests  by  N.  C  Christcnsen  and  M.  J.  Udy.] 


Fuel  in 

charge. a 

Suc- 
tion, 
inches 
of  water. 

Analysis  of  calcine. 

Analysis  of  residue  from  each. 

Sul- 
phide. 

Coal. 

Au. 

Ag. 

Cu. 

Pb. 

Au. 

Ag. 

Cu. 

Pb. 

Per 
cent. 
4 

Per 

ant. 

4 
6 
6 
8 
9 
12 
12 
(?) 

Iv 

(?) 
(?) 
(?) 
(?) 

Oz.  p. 
ton. 
0.085 
.12 
.125 
.13 
.13 

Oz.p. 
ton. 
8.6 
9.1 
9.1 
9.45 
9.9 

Per 

cent. 
0.32 
.32 
.37 
.37 
.39 

Per 
cent. 
8.7 
8.7 
8.9 
5.4 
3.55 

Oz.  p. 
ton. 
0.05 
.04 
.03 
.035 
.035 
.04 
.04 

Oz.  p. 

tun. 

5.9 
7.0 
4.9 
4.3 
4.8 
4.9 
5.6 

Per 

cent. 
0.22 
.22 
.22 

Per 
cent. 
5.7 

5 

4.9 

10 

2.4 

10 

1.4 

12 

1.1 

12 

.9 

4 

2.0 
2.5 
5.0 
6.0 
7.0 
8.0 
9.0 

.10 

10.60 

2.60 
1.1 

.9 

.75 

.75 

.7.5 

.75 

.6 

4 

::: : 

a  Each  roast  contained  5  pounds  of  material,  with  7.  5  per  cent  NaCl  and  proportions  of  sulphide  and 
coal  shown. 


TESTS    OF    MATERIAL    FROM    DRY    VALLEY   TAILING    DUMP. 

To  test  this  conclusion  on  another  material,  tailing  from  the  Dry 
Valley  dump,  which  is  in  the  same  mining  district  as  the  Bullionville 
dump,  and  has  been  likewise  pan-amalgamated,  was  tested  for  vola- 
tilization of  lead  and  leaching  of  gold,  silver,  and  copper.  The 
results  of  an  analysis  of  the  material  used  in  these  tests  was  as  fol- 
lows (see  also  Table  28):  Lead,  7.9  per  cent;  copper,  0.25  per  cent; 
silver,  11.3  ounces  per  ton;  and  gold,  0.135  ounce  per  ton. 

Table  27. — Results  of  volatilization  and  leaching  tests  of  Dry  Valley  tailing. 
[Tests  by  N.  C  Christensen  and  M.  J.  Udy.] 


Fuel  in  charge. a 

Suction, 
inches 

of  water. 

Lead 
content 

of 
calcine. 

Analysis  of  leached  tailing. 

Sul- 
phide. 

Coal. 

Au. 

Ag. 

Pb. 

Cu. 

Per  cent. 
4 
4 

2.5 

12 
12 

Per  cent. 
2.0 

Oz.  p.  ton. 

0. 035 

.02 

.  045 

Oz.  p.  ton. 
4.80 
5.6 
3.1 

Per  cent. 
0.6 
.5 
.5 

Per  cent. 

0.  05 

<•  Each  roast  contained  5  pound  ;  of  material,  with  7.5  per  cent  NaCl  and  the  propor- 
tions of  sulphide  and  coal  show  n. 
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The  Fumes  in  the  gases  from  the  furnace  were  caught  in  an  elec- 
trical precipitation  apparatus  consisting  of  a  7-foot  Length  of  4-inch 
pipe  sel  in  a  vertical  positi.ui,  in  the  center  of  which  hung  an  insu- 
lated nichrome  \\  ire.  The  pipe  was  grounded  and  a  pulsating  direct 
(•uncut  of  about  18,000  volts  was  applied  bo  the  wire  The  current 
was  derived  Prom  a  220-volt  alternating-current  supply  main:  it 
was  transformed  to  a  high  voltage  by  use  of  a  variable-voltage  trans- 
former and  then  rectified  by  a  rotating  synchronous  switch.  With 
velocities  of  the  gases  of  L0to20  feet  per  second  through  the  pipe,  all  of 
the  lead  chloride  in  the  fumes  froid  the  roaster  \\  as  caught  in  the  elec- 
trical precipitator.  Testing  paper  saturated  with  sodium  sulphide 
solution  held  in  the  exit  gases  failed  to  blacken  except  on  long  expos- 
ure, indicating  almost  complete  removal  of  the  lead  chloride  ruin.'. 
The  composition  of  the  fume  caughl  varied  with  the  position  of  the 
sample  taken.  Some  of  the  fume  in  the  pipe  leading  from  the  blower 
contained  52.5  per  cent  lead;  0.42  per  cent  copper;  0.9  ounce  of  silver 
per  ton,  and  0.0  I  ounce  of  gold  per  ton.  The  fume  in  the  treat  er  itself 
contained  dearly  70  per  cent  lead.  The  percentage  of  lead  in  pure 
anhydrous  lead  chloride  is  70.5  per  cent.  Of  course,  the  dust  and 
the  moisture  of  the  charge  were  caught  with  the  lead  chloride,  as  the 
gases  were  well  cooled  by  the  time  they  entered  the  heater.  In 
larger  installations  it  is  possible  to  so  control  the  cooling  of  the  gases 
that  the  temperature  is  still  above  the  dew  point  of  water  when  the 
suspended  solids  are  precipitated,  and  in  th'.s  way  obtain  a  dry 
precipitate. 

RECOVERY  OF  LEAD  PROM  FUME. 

Some  question  existed  as  to  the  recovery  of  the  lead  from  the  lead 
chloride  after  it  had  been  volatilized  ami  caught  in  the  precipitator. 
This  was  answered  by  a  number  of  tests  performed  by  11.  J.  Morgan 
and  M.  J.  Udy.  Lead  chloride  was  mixed  with  powdered  calcium 
carbonate  and  with  coal  in  order  that  the  lead  might  be  reduced 
and  the  calcium  carbonate  (or  lime,  if  preferred)  converted  to  cal- 
cium chloride,  which  would  melt  at  774°  C.  and  form  a  molten  slag 
over  the  lead.  Such  a  charge  was  easily  melted  and  the  recovery 
of  lead  was  high. 

A  charge  consisting  of  20  grams  of  lead  chloride,  7.25  grams  of 
calcium  carbonate,  and  1  gram  of  powdered  coal,  was  melted  at  a 
low  red  heat  in  an  assay  crucible,  yielding  14.0  grams  of  lead  or  SO 
per  cent  recovery.  A  similar  charge  ten  times  larger,  and  contain- 
ing by  calculation  150  grams  of  lead,  yielded  130  grams  of  lead  or  S7 
per  cent  recover}-. 

A  charge  consisting  of  50  grams  of  lead  chloride,  50  grams  of  pow- 
dered limestone,  and  2  grams  of  powdered  coal  yielded  32.4  grams  lead 
or  91.2  per  cent  recovery.     In  breaking  up  the  slag  to  examine  it, 
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shots  of  lead  were  noticed;  when  collected  these  increased  the  recov- 
ery to  92.4  per  cent. 

The  calcium  chloride  formed  was  dark  and  very  hydroscopic.  It 
proved  effective  as  a  substitute  for  sodium  chloride  in  the  roasting. 
Losses  of  lead  in  these  tests  were  probably  greater  than  would  happen 
in  large-scale  practice,  as  pouring  all  of  the  small  amount  of  material 
from  each  crucible  was  difficult,  and  a  relatively  large  surface  area 
was  exposed  for  volatilization  of  lead  chloride.  Any  lead  volatilized 
should  be  caught  again  in  the  electrical  treater  and  returned,  so  that 
recovery  of  most  of  the  lead  from  the  lead  chloride  is  practically 
assured. 

A  qualitative  test  to  determine  the  action  of  zinc  chloride  mixed 
with  the  lead  chloride  showed  that  most  of  the  zinc  cldoride  volatil- 
izes and  none  is  reduced. 

CONCLUSIONS    FROM    RESULTS    OF    TESTS. 

The  possibilities  of  recovering  lead  from  its  carbonate  ores  by 
mixing  common  salt  with  the  ore  and  treating  the  mixture  at  a  high 
temperature,  may  be  summarized  as  follows: 

1.  By  mixing  common  salt  and  fuel  with  pulverized  lead  carbon- 
ate ore  and  heating  the  mixture  in  a  blast  roaster  at  a  temperature 
near  861°  C,  the  boiling  point  of  lead  chloride,  extractions  of  more 
than  90  per  cent  of  the  lead  are  possible.  The  lead  is  volatilized 
and  carried  in  the  gases  as  chloride  of  lead. 

2.  Chloride  of  lead  can  be  recovered  from  the  gases  by  means  of 
an  electrical  precipitator. 

3.  The  condensed  chloride  of  lead  can  be  reduced  to  metallic  lead 
by  mixing  with  a  small  proportion  of  powdered  coal  and  the  pro- 
portion of  powdered  limestone  or  lime  theoretically  needed  to  form 
calcium  chloride  with  the  chlorine,  and  melting  the  mixture. 

4.  The  calcium  chloride  slag  is  suitable  and  desirable  for  use  in 
the  roaster  as  a  chloridizing  agent  in  place  of  sodium  chloride. 

5.  The  reduction  of  cuprous  chloride  has  been  accomplished  at  the 
plants  of  the  Anaconda  Copper  Co.  and  of  the  Chuquicamata  Copper 
Co.  in  practically  the  same  way,  and  on  a  larger  scale,  so  that  the 
proposed  method  of  reducing  lead  chloride  should  be  capable  of  appli- 
cation without  inherent  difficulty. 

6.  Many  of  the  materials  tested  were  ground  to  pass  a  0.147-mm. 
(100-mesh)  screen.  The  coarsest  size  of  particles  thai  will  permit 
extraction  of  the  lead  by  volatilization  has  not  been  determined, 
although  satisfactory  extractions  were  obtained  with  0.833-mm.  (20- 
mesh)  materiaL 
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COMBINED     VOLATILIZATION    AND     LEACHING     OF    ARGEN- 
TIFEROUS   LEAD    CARBONATE    ORES. 

As  is  shown  bj  Tables  L7  and  18,  page  16,  the  partial  extraction 
of  lead  by  volatilization  at  lew  enough  temperature  qoI  to  destroy 
any  chlorides  of  silver,  gold,  and  copper  which  ha\  e  formed,  I<a\  < 
product  from  winch  these  chlorides,  with  theresl  of  the  lead,  can  be 
leached  with  acidified  brine.  Therefore,  the  temperature  of  the  blast 
roast  must  be  kept  from  rising  much  above  800  C,  and  the  material 
must  not  be  allowed  to  form  a  hard  sinter. 

RESULTS  OF  EXPERIMENTS  AND  DISCUSSION  OF  RESULTS. 
From  the  results   obtained   by  Christ  ensen    in   his  experiments   at 

the  bureau  laboratory  and  in  the  laboratory  of  the  Prince  Consol- 
idated Mining  Co.,  amounting  in  all  to  aboul  50  tests,  the  following 
figures  are  summarized  for  the  treatment  of  the  materials  from  the 
Bullionville  and  the  Dry  Valley  tailing  dumps,  and  from  the  Prince 

Consolidated  Mine: 
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The  iron  ore  used  was  from  a  large  deposit  in  the  Prince  Consol- 
idated mine  at  Pioche,  Nev.  It  contains  30  to  35  per  cent  iron 
and  10  to  15  per  cent  manganese.     Iron  and  manganese  are  supposed 
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to  assist  chloridizing  of  silver,  so  their  presence  should  not  be  regarded 
as  detrimental.  The  extraction  of  silver  from  this  material  is  better 
than  from  the  Bnllionville  or  the  Dry  Valley  tailing.  Hence,  a 
mixture  of  the  two  materials  was  thought  advisable,  but  the  per- 
centage extractions  of  silver  and  gold  from  the  mixture  seem  to  be 
only  the  average  of  the  extractions  from  these  materials  when  indi- 
vidually treated.  The  presence  of  manganese  dioxide  in  the  acid 
brine  solutions  generated  considerable  free  chlorine,  but  the  extrac- 
tion of  gold  was  not  correspondingly  increased. 

Taken  as  a  whole,  the  extractions  obtained  in  the  small  roaster 
are  encouraging,  and  past  experience  gives  definite  assurance  that 
they  represent  a  probable  minimum  of  what  larger  roasters  could  do. 

CONCLUSIONS  AS  TO  RESULTS  OF  TESTS. 

Summarizing,  it  is  possible  to  treat  argentiferous  carbonate  ores 
of  lead  by  blast  roasting  with  common  salt,  volatilizing  60  to  70  per 
cent  of  the  total  lead  as  chloride;  the  rest  of  the  lead  and  a  large  pro- 
portion of  the  gold  and  silver  can  be  extracted  from  the  residue  by 
the  use  of  saturated  brine  or  of  acid  brine.  Total  extractions  were 
about  90  per  cent  of  the  lead,  60  to  94  per  cent  of  the  silver,  and  75 
per  cent  of  the  gold  in  the  materials  thus  far  tested.  Iron  and  man- 
ganese seemed  to  be  of  some  slight  advantage  in  the  ore  during  the 
chloridizing  roast,  by  making  possible  higher  extractions  of  silver 
than  can  be  gotten  from  the  siliceous  materials.  About  7  per  cent 
of  common  salt,  by  weight,  of  material  treated  is  necessary  in  this 
process. 

CHLORIDE    VOLATILIZATION    OF    OXIDIZED    LEAD,    SILVER, 
GOLD,  AND    COPPER    ORES. 

From  the  foregoing  it  can  be  seen  that  the  investigation  of  methods 
of  treating  the  oxidized  lead  ores  gradually  led  from  simple  leaching 
to  roasting  and  leaching  combined,  but  that  there  was  always  some 
volatilization  of  lead.  By  further  raising  the  temperature  of  the 
roast  and  controlling  the  atmosphere  it  was  possible  to  volatilize 
most  of  the  lead  and  also  most  of  the  gold,  silver,  and  copper.  In 
every  instance  the  chlorides  of  these  metals  were  volatilized.  Vola- 
tilization introduced  a  step  toward  simplifying  the  process,  as  the 
apparatus  proposed  for  use  in  some,  of  the  earlier  tests  could  be  used 
without  the  leaching  tanks. 

HISTORY   OF   THE    PROCESS. 

The  step  involving  complete  volatilization  of  all  the  valuable  metals 
was  taken  at  the  suggestion  of  G.  H.  Wigton,  of  the  Chief  Consoli- 
dated Mining  Co.,  who  spent  some  time  in  the  bureau's  laboratory 
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investigating  whal  bad  been  done  at  the  station  in  treating  lead  car- 
bonate ores  containing  some  silver  and  gold.  Mosl  of  the  roasting 
tests  had  been  in  blasl  roasters,  but  Wigton  used  an  assayer's  muffle. 
P>\  mixing  the  ore  with  common  sail  and  heating  to  a  relatively  high 
temperature,  be  was  able  to  volatilize  not  only  the  lead  but  also  the 
gold  and  silver.  He  attributed  this  result  to  the  more  highly  oxi- 
dizing atmosphere  of  the  muffle.  Several  somewhat  similar  experi- 
ments were  made  by  the  bureau  after  being  apprised  of  his  BUccess. 

Chloridizing  roasting  lias  been  applied  to  the  treatment  of  silver 
ores  for  many  years.  The  process  consists  in  converting  the  silver 
in  a  nonsmelting  ore  into  silver  chloride,  dissolving  the  chloride  with  a 
desirable  lixiviant,  and  precipitating  and  recovering  the  metal  from 
solution.  Recently  this  practice  has  been  extended  to  the  ores  of 
copper  ami  gold.  The  work  at  the  Salt  Lake  station  has  shown  the 
possibility  of  treating  lead  ores  in  this  way.  It  is  well  known  that 
this  chloridizing  roast,  when  done  for  leaching  only,  entails  volatiliza- 
tion losses.  The  temperature  is  maintained  at  700°  C.  and  sometimes 
rises  higher,  causing  large  losses  of  lead  or  copper,  and  comparatively 
large  losses  of  silver  by  the  old  method.  The  temperature  must  be 
kept  high  in  order  to  effect  good  chloridization.  Therefore,  in  order 
to  prevent  the  losses  mentioned  above,  complete  volatilization  and 
precipitation  by  electrical  precipitator  of  the  metals  is  suggested. 
The  complete  volatilization  process  consists  in  mixing  the  ore  with 
common  salt  in  the  usual  way,  heating  to  sufficiently  high  tempera- 
ture to  drive  off  the  metallic  chlorides,  precipitating  the  chlorides, 
calcining  these  chlorides,  and  converting  them  into  the  metals  by 
re  lining. 

This  method  is  by  no  means  a  new  one.  It  was  repeatedly  pro- 
posed in  the  earlier  days  of  western  metallurgy.  A  large  number  of 
patents0  have  been  taken  out  within  the  past  25  years,  in  which 
several  different  methods  of  volatilization  are  covered.  The  proc- 
esses proposed  in  these  patents  involve  the  use  of  the  alkaline  or 
alkaline-earth  chlorides,  and  most  of  them  of  sulphur  or  iron  pyrites, 
it  being  claimed  that  the  presence  of  sulphur  is  necessary  for  chloridi- 
zation. The  Pohle-Croasdale  process  was  tested  commercially,  a 
testing  plant  of  fairly  large  capacity  being  operated  in  1903  by  a 
metal  refining  company,  of  Denver,  Colo.  The  fumes  were  collected 
in  cooling  towers,  filtered,  and  refined.  The  failure  was  due  chiefly 
to  the  inefficient  method  of  catching  the  volatilized  metals,  also  the 
tonnage  treated  seemed  to  be  extremely  small  for  the  size  of  the 
furnace  used. 

oChannte,  Arthur,  U.  S.  patent  501559,  Jan.  9,  1892;  Besemfelder,  E.  R.,  U.  S.  patent  5-i32'--t> 
Dec.  27,  1893;  MeNight,  Robert,  U.  S.  patent  693982,  Dec.  5,  1900;  Pohle,  E.  ('.,  and  Croasdale,  Stuart, 
U.  S.  patent  741712,  Jan.  23,  1900;  Clawson,  S.  I.,  U.  S.  patent  1192U37,  Oct.  2s,  1912;  Forland,  T.  R., 
U.  S.  patent  107^779,  Mar.  27,  1913;  Clawson,  S.  I.,  U.  S.  patent  1169530,  May  24,  1911;  Biggs,  W.  H., 
English  patent  11031,  July  29,  1915. 
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DESCRIPTION    OF   EXPERIMENTS. 

Tests  were  made  at  the  Salt  Lake  City  station  by  C.  E.  Williams, 
of  various  oxidized  and  semioxidized  ores  of  lead  and  copper  that 
contained  gold  and  silver,  and  some  contained  zinc.  The  roasts 
were  made  in  a  gas-fired  assay  muffle,  small  roasting  dishes  contain- 
ing 100-gram  charges  of  ore  mixed  with  sodium  chloride  and  other 
reagents  being  used.  The  proper  proportions  of  sodium  chloride 
and  calcium  chloride,  the  effect  of  oxidizing  and  reducing  atmos- 
pheres, and  the  desirability  of  using  iron  pyrites,  coal,  or  manganese 
dioxide,  were  determined.  In  all  of  these  tests  the  fumes  were 
allowed  to  escape.  The  results  of  the  tests  are  shown  in  Tables 
i  35,  following. 

Table  28. — Data  on  tests  of  material  from  Nevada  United  mine,  Ely,  Nev. 

[Analysis  of  heading:  Fb,  5.58  per  cent;  Ag,  3.20  ounces  per  ton;  Fe,  37.6  per  cent;  CaO,  1  per  cent; 
2.2  per  cent;  S,  LIS  per  cent;  insoluble,  11.6  per  cent.    Size:  Passed  20-mesh  sieve.    Charge: 
100  grams  ore,  10  grams  water.] 
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Table  29.     Data  on  tests  of  material  from   Dry    Valley  mill  dump,  Pioche,   Vev. 

'Analysis  of  heading:  Pb,7.12peroont;  Cu,  0.25  per  cent;   Kg,  10.04 cesperton;  A.u,  0.10  ounce  per  ton; 

■  per  cent ;  t  :i< »,  •  i. 7 1  per  cent;  AM  >.,  3.80  per  cent;  B,  1.08 percent;  insoluble, 78  percent.   Size, 
BO  per  cent  through  80-mcsh.    Charge:  100  liable  chlorldi 
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.02 

99.0 

99.9 

84.4 

78.0 

lo  per  cent  manganes  ore 
added. 

15 

5 

5 

900 

135 

1.93 

Tr. 

8.85 

.07 

64  7 

99.9 

21.7 

24.0 

Reducing  atmosphere. 

16 

5 

5 

900 

120 

.93 

Tr. 

2.  17 

.03 

85.9 

99.9 

75.  3 

75.0 

Reducing  atmosphere;  10  per 
cent  manganese  ore  added. 

Table  30. — Data  on  tests  of  material  from  Horn  Silver  dump,  Frisco,  Utah. 

[Analysis  of  heading:  Ag.  6.70  ounces  per  ton;  Au,  0.02  ounce  per  ton;  Pb,  7.4  per  cent;  Zn.  6.3  per  cent; 
(.'u.  0.25  percent:  Fe.  4.4  per  cent;  insoluble,  53.6  per  cent:  CaO,  2.2  per  cent;  AJjOj,  8.5  per  cent;  S.6.13 
percent.  Salt  mixture  used,  equal  parts  of  Nad  and  CaCl2.  Theoretical  quantity  of  salt  mixture  required 
for  Pb,  3.1  percent;  for  Zu,  11.4  percent.] 


o 
c 

3 

Percentage  of 

— 

o 
3 

extraction. 

Remarks. 

X 

~ 

- 

-C 

- 

s 

5 

1 

J3 

a 

si 

ji 

H 

si 

H 

m 

Eh 

H 

- 

N 

< 

- 

X 

< 

Pet 

Mm- 

rn 

Per 

Oz.p. 

cent. 

'C. 

utes. 

Cm. 

cent 

cent 

ton. 

1 

12 

850 

120 

90 

0.23 

2.36 

1.47 

97.3 

66.6 

80.5 

Heated  from  cold  state  to  850s  C. 
with  one-half  of  salt. 

2 

12 

120 

91 

1.04 

3.41 

3.89 

B7.  5 

50.9 

47.7 

Heated  from  cold  state  to  S50°  C. 
with  total  salt. 

3 

5 

900 

120 

82 

2.79 

2.  89 

4.  52 

68.  7 

61.6 

44.7 

All  of  salt  added  to  charge,  placed 
directly  in  hot  zone. 

4 

16 

900 

120 

93 

.58 

2.36 

• 

93.2 

65.0 

49.3 

Do. 

5 

16 

950 

120 

.76 

1.  S3 

3.20 

90.5 

74.5 

5a  1 

Temperature  rose  to  1.000°  C. 
Slagged  badly. 

6 

5 

950 

120 

82 

.  ,0 

1.83 

4.00 

91.7 

,.;.o 

50.7 

Temperature  rose  to  1.000°  C. 
Slagged  slightly. 

7 

12 

950 

120 

90 

Tr. 

3.2 

99.9 

54.0 

65.5 

One-half    of    salt    added    at     first. 

Slagged  badly. 
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Table  31.—  D  -  s  of  material  from  Bingham  Mines  Co.,  Bingham,  Utah, 

[Analysis  of  headinf  -       mncesper  ton;  Au,  0.01  ounce  per  ton;  Pb,  6.85  per  cent;  Cu,  0.65  per  cent; 

Zn,  4.53  per  cent;  Fe.8.85  percent;  insoluble,  56.3  percent;  CaO,  7.3  per  cent;  AljOa,  6.2  per  cent;  s, 

■it.    Salt  mixture  used  consisted  of  equal  parts  of  NaCl  and  Cad*    Theoretical  quantity  of 
dxture required  for  Pb,  3.8percent;  forZn.  8.1  percent.] 


t 

6 

Calcine. 

Percentage    of   ex- 
traction. 

,  u 

d 

Remarks. 

- 

s: 

-  - 

= 

a 

u. 

'Z 

ja 

- 

a 

ti 

p 

3 

c 

&c 

r-     X 

- 

i- 

- 

_ 

N 

<! 

- 

_ 

S! 

< 

Perl 

Mtn- 

Gm. 

Per 

Per 

Per 

Oc./'. 

"C. 

cent. 

Ct/l(. 

cent. 

ton. 

1 

25-1.000 

120 

Tr. 

0.  21 

2.  89 

1.71 

99.9 

71.0 

44.4 

82.0 

SI  igged  al  I, ■  1  . 

2 

• 

120 

• 

Tr. 

.21 

. 

4.5 

99.9 

71.0 

5  1.  s 

64.7 

ddl  d  at  first, 
and  roasted  al  850'  <  . 

3 

10 

900 

fffl 

Tr. 

.21 

1.84 

5.20 

99.9 

71.0   64 

42.3 

All  of  salt  added  at  first;  heated 

to  91111    C. 

4 

10 

900 

-. 

Tr. 

.16    2.  1 

4.72 

99.9 

60.0 

50.7 

Roasted  at  first  with  no  salt, 
400°  to  800°  C. 

■ 

15 

900 

. 

97 

• 

.2]    2.11 

6.31 

93.1 

71.0 

25.2 

Slagged  slightlv. 

6 

5 

90 

12(1 

86 

1.85 

.21    3.15 

5.51 

70.1 

42.  0 

41.1 

; 

>-l  000 

120 

93 

1.28 

5.35 

82.8 

i 

38.4 

Slagged  badlv. 

- 

120 

87 

1.34 

. 

7.10 

95.  1    35.  •" 

23.6 

Do. 

Table  32. — Data  on  tests  of  material  from   Yellow  Pine  mine,  Goodsprings,  Nev. 

[Analysis  of  headine:  Ag,  3.9  ounces  per  ton:  Pb,  9.32  per  cent:  Zn,  29.25  per  cent;  Fe  2.7  percent;  in- 
soluble, 14. 8  per  cent;  CaO,  6.S  per  cent;  MgO,  5.5  per  cent;  S,  0.31  per  cent;  size,  through  10-mesh.] 


Quantity  added  to 

Percentage  of 

charge. 

— 
3 

extraction. 

Remarks. 

.; 

ex  3 

— 

- 

'- 

- 
- 

- 

■s. 

•_ 
•- 

=  s 
-  w 

_    - 

g 

- 
-. 

■r- 

-i 

s: 

< 

- 

=■ 
s: 

< 

Or 

PfT 

Per 

Per. 

Per 

Min- 

Per 

Per 

per 

cent. 

cent. 

cent. 

cent. 

utes. 

Gm. 

cent. 

cent. 

ton. 

1 

0 

0 

None 

None. 

120 

900 

70 

6.18 

38.9 

4.43 

53.6 

6.9 

20. '{ 

Temperature  fell  to  850°  C. 

0 

0 

10 

..do.. 

12(1 

900 

80 

5.8 

33.9 

3.6, 

51.8 

7.1 

_ 

Do. 

3 

fi 

5 

None. 

10 

60 

925 

75 

4.3 

3.48 

65.8 

2.8 

33.0 

Temperature  rose  to  975°  C. 

1 

5 

..do.. 

10 

90(1 

75 

6.0 

35.5 

- 

57.0 

49.8 

Temperature  fell  to  850°  C. 

5       11 

11 

..do.. 

10 

_ 

900 

76 

.35   34.1 

1.25 

97.5 

12.2 

75.7 

Temperature  rose  to  975  °  C. 

Table  33. — Data  on  tests  of  material  from  Trapper  mill  dump,  Melrose,  Mont. 

[Analysis  of  heading:  Pb,  2.58  per  cent;  Cu.  0.64  per  cent:  Zn.  11.32  per  cent:  Ag.  8.7  ounces  per  ton,  Au, 
;  Fe,  7.04  per  cent:  insoluble,  54  per  cent;  Can.  5.5  per  cent;  AljOa,  trace;  S,  0.30 
percent;  size,  through  20-mesh.] 


Quantity 
added  to 
charge. 

Calcine. 

Percentage  of 
extraction. 

5 

a 

: 

■J. 

Remarks. 

- 

~ 

TJ 

d 

0 
ti 

r. 
u 
5 
0. 

O 

A 
0 

-. 

'„ 

a 

S    a 

0 

— 

s 

0 

-.1. 

= 

.a 

a 

to 

a 

r- 

4     - 

Is 

E- 

H 

- 

a 

N 

< 

< 

- 

O 

X 

< 

< 

n 

Oz. 

Oz. 

.\fin- 

Per 

pi  r 

per 

Pa 

ct. 

ct. 

utts. 

"C. 

ct. 

ct. 

ton. 

ct. 

1 

4 

4 

12C 

900 

Trace 

0.17 

8.9210.44 

None. 

99.9 

..4  95.7 

100 

48.7 

Still  fuming  at  end 

of  t. 

2 

i 

1 

166 

900 

.11 

.54 

..do.. 

100.0 

84.  1  25.094.7 

100 

54.0 

Size  of  material,  10 
mesh. 

3 

5 

" 

.... 

135 

90 

0. 52 

.22 

■ 

0.03 

82.7 

■ 

64 

53.2 

Reducing     atmos- 
phere. 
Do. 

4 

5 

5 

10 

120 

900 

.  17 

7.30|  .48 

None. 

83.9 

.-,8  94.8 

100 

5 

5 

: 

10 

90 

900       .17 

..do.. 

94.2  100.0  24.5  94.1 

100 

e 

11 

6 

ISO 

900  None. 

t.  68 1.2 

..do..  100.0]  52.2  74. 189.1 

100  20. 4 

Sintered. 
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Table  34.     Dataon  tests  of  material  from  ffayden  mill  feed,  Clarkdale,    I 


[  \n  ilysis 

a  heai 

Ing:  ■ 

g.7.it 

ounoo 

-;  per  i 

mi.    \ ii, 0.15 ounce  i 

icr  ton 

Pb. 

.in  pe 

r  cenl 

percent: 

lc,  1.42  per  08 

n  olubli 

,  86.2  per  oenl ;  OaO,  0.66  per  cenl       ,  1.2  per  cenl      Izc,  through  20-m 

3 

o 
C 

3 

s 

a 

a 

6 
1 

i  Jcine. 

Peroentage  of  extraction. 

y. 

.Sf 

'3 

~' 

bi 

3 

ja 

3 

bi 

3 

Kciii 

H 

V. 

o 

H 

H 

Ph 

o 

<1 

-. 

Ph 

- 

--, 

< 

O;. 

02. 

Per 

P,r 

Per 

/',  r 

/" r 

/"  T 

CI  tU. 

C(  ill. 

°  ('. 

III,  s. 

( ; ;» . 

o  ///. 

IV  III. 

/■in . 

tun. 

1 

i 

1 

900 

90 

92 

Tr. 

Tr. 

1.37 

Tr. 

99  g 

99.9 

99.9 

■> 

i 

4 

900 

in:, 

101 

Tr. 

Tr. 

1  60 

0.01 

99  g 

gg  >i 

7,    2 

10    per    cent   ol 

;\ 

:i 

900 

L05 

Tr. 

Tr. 

2.  ;>: 

.  02 

gg  g 

66.  5 

85  1 

mangani  b  •• 
added. 

Table  35.-    Data  on  tests  of  material  from  Sells  mine,  Alta,  Utah. 

[Analysis  of  heading:  Ag,  16.35  ounces  per  ton;  Au,  0.04  ounce  per  ton;  Pb,  10.15  per  cent;  Zn,  6.04  per 
cent;   Ke.  1.98  per  cent;  insoluble,  6.62  percent;  CaO,  15.75  per  cent;  UgO,  23.9  per  cent;  S,ti 
through  20-mesh.] 


Quantity  added 
to  charge. 

d 

3 

Calcines. 

Percentage  of  extrac- 
tion. 

• 

Remarks. 

X 

3 

o 

t» 

1 

o 

p. 

a 

ja 

a 

bo 

3 

,d 

bb 

H 

'A 

o 

h 

H 

H 

Ph 

Nl 

<J 

< 

Ph 

S3 

.«< 

■*! 

Oz. 

Oz. 

Per 

Per 

Per 

Min- 

Per 

JYr 

per 

per 

a  nt. 

cent. 

utes. 

0  r. 

(Jm.  cent. 

Cdlt. 

ton. 

ton. 

1 

5 

5 

120 

900 

58  1.33 

6.57 

5. 13  0.  015 

92.4 

36.8 

81.8 

7S.2 

2 

0 

5 

10 

120 

9(Xt 

65     .76 

6.04 

.  -M\ 

Tr. 

35.0 

98.  6 

99.9 

3 

5 

5 

150 

900 

70   Tr.    10.  15    v  l! 

.01 

99. 9  None. 

64.0 

82.  5 

10  per  cent  of  mangan- 

1 

5 

5 

180 

900 

ill   5.23   6.57  14.30 

.015 

65.5     30.5 

44.2 

76.0 

ese  ore  added. 

Later  tests  were  made  in  a  small  oil-fired  mechanical  roaster, 
and  in  these  the  volatilized  fumes  were  passed  through  a  single-pipe 
electrical  precipitator  and  collected.  The  fume  was  melted  and 
reduced  by  heating  with  additions  of  calcium  oxide  and  coal  dust,  a 
slag  of  CaCLj  being  obtained. 

DISCUSSION   OF    CONDITIONS    OF   VOLATILIZATION. 
USE    OF    CALCIUM    CHLORIDE. 

As  calcium  chloride  may  be  recovered  in  the  refining  process,  it 
would  be  desirable  to  make  use  of  that  compound  as  the  chloridizing 
agent.     The  equations  for  the  reactions  are  as  follows: 

PbCO3+Ca01,+SiO2=PbCl.,4-CaSiO3-r-CO2. 
(In  oxidizing  atmosphere.) 

PbCl2+CaO+C=Pb+CaCI2+(  <  >. 
(.In  reducing  aunosphere.) 

From  these  equations  it  is  seen  that  as  much  CaCl2  is  formed  as  is 
needed  for  chloridizing  the  metal.  The  amount  of  sodium  chloride 
necessary  for  proper  volatilization  was  found  to  be  one  and  one-half 
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times  the  theoretical.  Hence,  if  it  be  assumed  that  75  per  cent  of 
the  CaClj  can  be  recovered  and  used,  the  chloridizLog  agent  used 
should  be  a  mixture  containing  equal  proportions  of  NaCl  and  CaCl2. 
Experiments  showed  that  calcium  chloride  could  replace  sodium  chlo- 
ride in  the  chloridizing  action;  they  also  showed  that  the  presence  of 
calcium  chloride  in  approximately  the  proportion  specified  was  benefi- 
cial, doubtless  through  the  formation  of  calcium  silicates  which  are  less 
fusible  at  the  temperatures  used  than  are  the  sodium  silicates  and 
thus  avert  the  formation  of  a  refractory  coating  of  slag  around  the 
particles  of  ore  being  chloridized. 

ROASTING    TEMPERATURE. 

A  temperature  of  900°  C.  is  necessary  for  complete  volatilization 
of  the  gold  and  the  silver,  whereas  the  lead  and  to  a  less  extent  the 
copper  may  be  driven  off  at  temperatures  much  lower  than  900°  C. 
The  chlorides  of  the  metals  volatilize  at  temperatures  much  below 
their  boiling  points.  For  example,  the  boiling  point  of  lead  chloride 
has  been  given  as  861  to  954°  C.  and  that  of  cuprous  chloride  as 
954  to  1,032°  C,  whereas  gold  and  silver  chlorides  dissociate  below 
these  temperatures  into  the  metals  and  into  chlorine.  In  a  chloridiz- 
ing atmosphere,  however,  gold  and  silver  chlorides  probably  exist  and 
are  expelled  with  the  other  metal  chlorides,  or  oxychlorides.  Sodium 
chloride  melts  at  805°  C.  and  calcium  chloride  at  780°  C,  so  that  they 
are  melted  and  brought  into  more  intimate  contact  with  the  ore  before 
the  volatilization  temperature  of  900°  C.  is  reached.  Hence  they  are 
efficient  chlorine  carriers. 

LENGTH    OF    ROASTING    PERIOD. 

The  time  necessary  for  good  volatilization  depends,  of  course,  on 
the  rate  at  which  the  fumes  are  removed  from  the  surface  of  the 
charge  and  on  the  area  of  surface  exposed.  The  former  may  be  in- 
creased  by  forced  draft  or  easy  access  of  air,  and  the  latter  by  rabbling. 
If  these  devices  are  resorted  to,  more  salt  must  be  used  to  make  up 
for  that  lost  by  increased  volatilization. 

A  strongly  oxidizing  atmosphere  is  necessary  for  good  results. 
Test  runs  with  neutral  or  reducing  atmospheres  showed  decreased 
extractions,  especially  of  the  gold  and  the  silver.  All  the  tests  showed 
that  unless  an  excess  of  oxygen  was  present,  the  gold  and  silver  vola- 
tilization^ weiv  too  low  to  warrant  the  use  of  the  process.  That  excess 
oxygen  is  necessary  in  volatilizing  the  gold  and  the  silver  is  evident 
from  the  equations  following: 

lA-+<%+4Xa<  1=  lAK('l+2Xa.20. 
A-2S+2G2+2Xa(  •l=2A?ri-fXa.,S04. 

Of  course,  the  Xa^O  combines  immediately  with  the  silica  and  other 
substances   in  the  gangue.     As  regards  lead  which  exists  as  PbC03, 
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the  presence  of  oxygon  seems  to  be  unnecessary,  although  the  lead  is 
bo  easily  reduced  thai  a  reducing  atmosphere  prevents  volatilization. 
The  equation  for  the  reaction  between  lead  carbonate  and  sodium 
chloride  can  be  written  as  follows: 

PbCOj  |-2NaC]     I'M 'I,  |  Xu.i  10 
USE    OF    OXIDIZING     \<;i  \TS. 

As  oxygen  is  necessary  to  effect  good  gold  and  silver  extractions, 
the  presence  of  an  oxidizing  agenl  should  hasten  volatilization.  Tests 
were  run  with  5  per  cent  manganese  dioxide  in  the  charge,  both  in 
oxidizing  and  reducing  atmospheres;  in  each  test  higher  extractions 
resulted. 

However,  this  procedure  was  tried  on  a  larger  scale  in  a  hand- 
rabbled  reverberatory  furnace  by  Mr.  Wigton  without  success.  This 
result  may  be  due  to  the  slow  rate  of  heating  of  the  charge  in  a  rever- 
beratory furnace,  the  charge  being  heated  so  slowly  that  the  avail- 
able oxygen  of  the  manganese  dioxide  is  gone  before  the  volatilization 
temperature  is  reached. 

ADDITIONS    OF    SULPHUR    OB    SULPHUR    COMPOUNDS. 

Good  extractions  were  obtained  with  oxidized  ores  without  the  ad- 
mixture of  any  sulphur  or  sulphur  compounds.  Extractions  not  so 
d  were  obtained  with  the  semioxidized  ores  treated.  Tests  of  the 
oxidized  ores  with  sulphur  added,  in  the  form  of  iron  pyrites,  showed 
poorer  extractions,  especially  of  silver,  than  tests  run  under  similar 
conditions  without  sulphur.  These  facts  lead  to  the  conclusion  that 
the  presence  of  sulphur  is  not  necessary,  and  is  perhaps  even  harmful. 
Also  more  oxygen  is  required  in  chloridizing  the  lead,  as  is  seen  by 
comparing  the  equations  following: 

Pb< .'( )34-2NaCl=Pb< ;i2+Na2  C03. 
PbS+202+2NaCl=PbCl2+Na2S04. 

The  presence  of  a  large  quantity  of  sulphur  or  a  sulphide  would  there- 
fore cause  lower  extractions,  as  with  silver,  or  necessitate  the  admission 
of  a  larger  quantity  of  air,  as  with  lead. 

In  Croasdale's  tests  (U.  S.  Pat.  741712,  Jan.  23,  1900)  care  was 
always  taken  to  have  enough  sulphides  (like  pyrite)  present  to  per- 
mit chloridizing  of  the  valuable  metals  through  the  well-known 
chloridizing-roasting  reactions,  in  which  sulphur  dioxide  reacts  on 
the  sodium  chloride  to  liberate  hydrochloric  acid  and  chlorine,  which 
attack  the  valuable  minerals.  It  had  been  determined  that  ordinary 
chloridizing  roasting  would  not  be  complete  unless  sulphides  were 
present.  Croasdale  and  his  coworkers,  and  most  patentees  before  and 
since  his  time,  accepted  this  fact  and  always  introduced  enough 
sulphide  to  provide  the  necessary  sulphur  for  such  reactions. 
3!  M 194°— IS— Bull.  157 6 
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The  authors  have  found  that,  when  the  reaction  temperature  is 
maintained  above  the  boiling  points  of  am*  chlorides  that  might 
form,  the  presence  of  sulphides  is  not  necessary  and  is  a  detriment, 
rather  than  an  advantage.  This  is  possibly  a  new  principle  in 
chloridizing  practice,  but  is  based  on  sound  theory;  Chemical  reac- 
tions are  often  affected  by  the  formation  of  an  insoluble  precipitate, 
a  volatile  product,  or  by  any  set  of  physical  conditions  that  permits 
the  removal  of  one  of  the  products  of  reaction  from  the  reacting 
mixture.  In  roasting  under  the  conditions  stated,  the  temperature 
is  held  at  a  point  where  the  metallic  chlorides  will  evaporate;  hence 
it  is  possible  to  have  sodium  chloride  or  calcium  chloride  react 
directly  with  lead,  silver,  gold,  or  copper  minerals  to  form  the  more 
volatile  metallic  chlorides. 

Former  conceptions  of  chloridizing  have  been  those  necessary  for 
a  good  chloridizing  roast.  Chloridizing  roasting  was  carried  on  at 
temperatures  below  the  melting  points  of  sodium  chloride  or  calcium 
chloride,  hence  the  only  way  to  bring  the  chlorine  into  intimate 
contact  with  the  ore  particles  was  by  means  of  the  chloridizing 
atmosphere  generated  by  the  reaction  of  sulphur  dioxide  and  sulphur 
trioxide,  from  the  oxidation  of  the  sulphides,  on  the  sodium  chloride 
or  other  solid  chlorides  present.  As  regards  the  process  under  con- 
.-ideration,  the  trouble  from  the  presence  of  sulphur  may  have  been 
caused  by  the  formation  of  sulphates  of  the  metals  desired,  so  that 
more  salt  would  have  to  be  added  to  react  with  these  sulphates, 

CONDITIONS    ESSENTIAL   FOR    GOOD    BOASTING. 

From  the  preceding  discussion  of  the  conditions  of  roasting  it  is 
seen  that  four  things  are  of  paramount  importance — namely:  (1)  A 
temperature  of  900°  C.  (1,652°  F.);  (2)  sumcient  draft ;  (3)  excess  of 
oxygen;  and  (4)  quick  rabbling. 

It  is  not  easy  to  find  a  furnace  that  will  work  economically  under 
these  conditions.  In  some  of  Croasdale's  tests,  made  in  a  rever- 
beratory  roasting  furnace,  good  extraction  was  obtained,  but  the  rate 
of  volatilization  was  slow.  A  rotary  kiln  of  the  type  used  in  cement 
making  might  be  applicable  to  the  process,  as  it  meets  all  four  of  the 
above  requirements,  and  some  such  device  will  probably  be  the  first 
to  be  tested  on  a  large  scale  by  some  one  who  may  take  up  the  volatil- 
ization of  ore  on  a  commercial  scale.  It  is  possible  that  at  the  tem- 
peratures desired  the  atmosphere  of  a  rotary  furnace  could  not  be 
made  sufficiently doxidizing,  hence  the  rate  of  volatilization  in  such  a 
furnace  may  also  prove  too  slow.  In  that  event  some  type  of  forced- 
draft  grate  furnace,  may  bo  rosortcd  to,  and  if  such  a  furnace  could 
be  constructed  that  would  heat  the  charge  to  the  desired  temperature 
at  reasonable  cost  and  without  grate  troubles,  the  success  of  the 
process  would  be  assured. 
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TREATMENT  OF  FUME. 

The  advent  of  the  method  of  electrical  precipitation  of  suspended 
particles  is  almosl  an  assurance  that  the  proposed  volatilization 
process  will  be  successful.  As  previously  stated,  the  principal  cause 
iA'  failure  of  I  he  Pohle'-Croasdale  process  was  the  unsai  isfactory  fume- 
collecting  device.  It  is  now  possible  to  collect  the  fume  simplv  and 
cheaply  by  the  use  of  an  electrical  precipitator.  In  several  plants 
now  running, metallic  chlorides  with  other  compounds  are  being  pre- 
cipitated in  electrical  treaters.  The  bureau's  tests,  although  con- 
ducted on  a  rather  small  scale,  show  that  the  process  i^  applicable 
to  the  chlorides  used,  almost  perfect  clearance  having  been  obtained 
at  temperatures  in  the  pipes  of  100°  to  150°  C. 

The  precipitated  fume  must  be  carefully  handled  in  recovering  the 
metals',  as  it  is  rather  fluffy  and  easily  volatilized.  A  different  treat- 
ment than  the  use  of  lime  and  coal  for  fumes  containing  copper  and 
zinc  might  be  desirable.  However,  the  main  difficulty  to  be  solved 
is  not  the.  treatment  of  the  fume,  but  the  development  of  a  furnace 
that  will  insure:  cheap  roasting. 

MATERIALS   TO   WHICH    PROCESS   MAY   BE    APPLIED. 

The  proposed  process  maybe  applied  to  almost  any  oxidized  ore  of 
lead,  gold, silver,  and  copper.  Zinc  does  not  respond  to  such  treatment 
and  its  action  during  volatilization  is  decidedly  erratic.  Some  zinc 
ores  show  as  high  as  75  per  cent  extraction  of  zinc  and  some  as  low 
as  10  per  cent;  with  others,  to  leave  most  of  the  zinc  in  the  calcines 
or  volatilize  it  out  was  impossible.  The  composition  of  the  ore  had 
no  effect  on  the  applicability  of  the  process,  unless  the  composition 
was  such  as  to  cause  slagging  at  the  temperature  used.  Ores  high  in 
silica,  iron,  lime,  magnesia,  and  alumina  all  responded  readily,  giving 
very  good  volatilizations.  This  process  may,  therefore,  be  applied  to 
almost  any  oxidized  ore  of  lead,  gold,  silver,  or  copper.  It  is  espe- 
cially desirable  for  materials  that  can  not  be  treated  by  any  of  the 
common  methods  of  gravity  concentration,  flotation,  leaching,  or  are 
of  too  low  grade  or  of  undesirable  composition  to  smelt  directly. 

Tables  28  to  35,  inclusive,  give  the  data  on  the  tests  made  in 
roasting  dishes  in  a  muffle,  to  determine  the  range  of  oxidized  and 
semioxidized  materials  to  which  this  process  could  apply.  It  can  be 
seen  that  some  have  a  high,  lime  content,  others  are  high  in  iron, 
others  high  in  silica,  etc.  The  results  are  largely  self-explanatory  and 
conclusions  from  them  have  already  been  given  in  the  foregoing  dis- 
cission. It  was  noticed  that  materials  that  were  finely  ground,  like 
the  slime  from  the  Horn  Silver  dump,  tend  to  sinter  more  easily  than 
when  coarsely  ground,  although  they  may  be  far  from  self-fluxing. 
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This  is  probably  due  to  the  more  intimate  mixture  of  the  minerals 

that  are  capable  of  uniting  to  form  slags. 

Evidently  this  method,  as  it  promises  successful  treatment  of  a  wide 
range  of  ores,  with  less  fuel  than  would  he  used  in  smelting  and  with 
extractions  of  the  metals  that  enable  it  to  compete  with  any  other 

form  of  hydro  or  pvro  metallurgy,  and  is  applicable  under  the  con- 
ditions found  in  arid  regions,  in  relatively  inexpensive  plants,  is  sure 
to  be  thoroughly  tested  in  the  near  future. 

Since  the  first  writing  of  this  bulletin,  chloride  volatilization  has 
been  further  tested  on  a  larger  scale  in  the  Salt  Lake  City  laboratory. 
A  miniature  cement  kiln  7  feet  by  1  foot  was  set  up  and  an  electrical 
precipitation  unit  to  correspond.  Better  extractions  than  those 
obtained  in  the  laboratory  were  indicated  by  the  lower  grade  of 
residue.  A  great  deal  of  fume  escaped  through  cracks  and  other 
openings  in  the  apparatus,  but  practically  all  the  fume  going  to  the 
electrical  unit  was  precipitated.  A  kiln  30  feet  by  6  feet  in  size  was 
constructed  during  the  fall  of  1917  by  the  Chief  Consolidated  Mining 
at  its  mine  at  Eureka.  Utah,  under  the  direction  of  G.  H.  Wigton. 
A  similar  improvement  in  extraction  was  indicated  and  steps  are 
now  being  taken  to  compose  a  bag  house  with  the  electrical  pre- 
cipitator for  collecting  the  fume;  also,  a  larger  kiln  and  precipitator 
are  being  built  at  Fairbank,  Ariz.,  by  G.  H.  Hirt  &  Co.,  of  El  Paso, 
and  will  be  ready  early  in  1918. 

FLOTATION    OF    LEAD    CARBONATE    ORES.0 

As  mentioned  in  foregoing  pages,  losses  of  lead  carbonate  in  milling 
are  generally  in  the  slimes,  because  cerrusite  is  friable  and  breaks  into 
small,  flat,  pancake-shaped  particles.  Such  particles  do  not  settle  out, 
although  this  mineral  has  a  high  specific  gravity. 

The  notation  process  is  adapted  only  to  the  concentration  of  slimes, 
hence  the  thought  was  immediately  suggested  that  notation  of  the 
slimes  containing  lead  carbonate  would  correct  these  losses.  How- 
ever, notation  was  known  to  be  successful  only  with  sulphide 
minerals;  hence  direct  notation  was  not  immediately  adapted  to  the 
solution  of  this  problem.  Proposals  to  introduce  into  a  pulp  containing 
oxidized  minerals  a  soluble  sulphide,  such  as  hydrogen  sulphide, 
-odium  sulphide,  or  calcium  sulphide,  in  order  to  form  a  coating  of 
artificial  sulphide  of  lead  on  the  oxidized  particles,  have  been  made 
in  a  number  of  patents.  True,  the  patented  processes  have  usually 
applied  to  the  flotation  of  the  oxidized  minerals  of  copper,  but  the 
wording  of  most  of  the  patents  is  broad  enough  to  render  application 
of  the  process  to  any  other  metal  liable  to  claim  by  the  patentee. 

a  Experimr-ntcr  :  '.loin  L.  Alton,  E.  J.  Atckison,  L.  D.  Yundt.  A.  J.  MiChrystal,  F.  Cameron,  and 
0.  C  Ralston. 
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WORK    OF    OTHER    INVESTIGATORS. 

The  first   patent   covering  Bulphide-filming  of  oxidized  minerals, 

followed  by  dotation  of  the  artificial  sulphide-,  was  probabrj  that  of 
Schwar/."  issued  in  1905.  Schwarz  mentions  recovery  of  the  artifi- 
cial sulphide  by  use  of  his  own  method  of  "hulk  oil"  dotation  with 
a  hydrocarbon,  such  as  paraffin,  which  is  solid  at  ordinary  tempera- 
tures, the  separation  being  made  in  hot  solutions  and  the  pulp  per- 
mitted to  eool  in  order  to  congeal  the  paraffin  with  (1 ntrapped 

sulphides  of  lead.  He  mentions  the  use  of  any  "soluble  sulphide," 
and  states  that  he  generally  uses  more  than  the  theoretical  quantity  of 
sulphur  ueeded  to  convert  the  oxide,  carbonate,  or  chloride  completely 
to  a  sulphide.  He  claims  any  method  of  separat  ing  the  artificial  sul- 
phide which  employs  concentration  by  the  use  of  a  hydrocarbon,  by 
which  one  might  infer  that  he  can  claim  the  use  of  froth  flotation 
as  at  present  day  developed. 

The  next  mention  of  artificial  sulphidizing  and  flotation  of  oxidized 
minerals  is  made  by  Sulman  and  Pickard  b  in  British  patent  26019, 
of  1909.  In  this  patent  more  different  methods  of  sulphidizing  the 
oxidized  ore  are  mentioned  and  greater  familiarity  with  actual  test- 
ing of  the  ores  by  the  proposed  processes  is  shown  than  in  any  other 
sulphidizing  patent.  Besides  oxidized  copper  ores,  oxidized  lead  ores 
are  mentioned  as  being  adaptable  to  the  process.  Hydrogen  sulphide 
and  soluble  alkaline  sulphides  are  mentioned  as  possible  sulphidizing 
agents ;  also  a  method  of  sulphidizing  by  the  use  of  sulphur  vapor  is 
described.  One  variation  of  the  latter  method  is  to  heat  the  powdered 
ore  with  FeS2  in  a  neutral  or  reducing  atmosphere,  distilling  one  atom 
of  sulphur  from  the  FeS,,  the  freed  sulphur  combining  with  the  oxid- 
ized ore. 

Terry c  describes  a  process  for  sulphidizing  oxidized  ores  of  copper 
(and  other  metals)  by  the  use  of  hydrogen  sulphide  gas  in  flowing 
pulp,  with  suitable  apparatus  for  recovery  of  any  excess  hydrogen 
sulphide  gas  after  sulphidizing  the  pulp.  A  method  for  the  use  of 
sodium  sulphide  is  also  described,  and  of  adding  copper  sulphate  to 
aid  the  formation  of  nuclei  of  copper  sulpiride  around  which  the  forma- 
tion of  sulpiride  granules  and  coagulations  can  take  place. 

Hovland  and  Frankf  orter,d  in  their  process,  use  hydrogen  sulphide 
gas  on  the  dry  ore  to  sulphidize  the  oxidized  material  previous  to 
flotation.  The  advantage  claimed  is  the  greater  rapidity  of  reaction. 
From  the  properties  of  gases  as  compared  to   solutions  this  claim 

a  Schwarz.  Alfred,  Process  of  concentrating  ores:    U.  S.  patent  807501,  Apr.  19, 1905. 

6  Sulman,  H.  L.,  and  Tickard,  H.  F.  K.,  Improvements  in  concentration  of  oxidized  ores:  British 
patent  26019,  Nov.  10,  1909. 

c  Terry,  J.  T.,  jr.,  Process  for  recovering  metalliferous  constituents  of  ores:  United  States  patent  1094760, 
Sept.  8, 1913. 

d  Hovland,  H.  B.,  and  Frankforter,  C  B.,  Art  of  treating  metalliferous  materials:  United  States  patent 
109S668,  Dec.  12,  1913. 
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seems  justified,  because  the  rate  of  diffusion  of  gas  in  the  dry  state 
is  thousands  of  times  that  of  the  same  gas  dissolved  in  a  solution. 
They  state  that  10  to  20  minutes'  contact  of  the  dry  ore  with  hydro- 
gen sulphide  gas  is  sufficient  before  flotation.  They  even  claim  that 
the  gas  might  be  applied  to  the  ore  before  mining.  The  gas,  they 
state,  will  penetrate  the  oxidized  capping  of  a  body  of  copper  ore, 
sulphidizing  the  oxidized  forms  of  copper  and  disintegrating  the  mass 
so  that  it  can  be  mined  easily. 

Bacon,0  in  1914.  describes  a  process  for  using  hydrogen  sul- 
phide and  sulphur  dioxide  in  pulp  to  aid  flotation  by  means  of  the 
colloidal  sulphur  resulting  from  the  reaction  of  the  two  chemicals 
on  each  other.  The  colloidal  sulphur  acts  as  a  substitute  for 
flotation  oil.  By  introducing  the  hydrogen  sulphide  first,  oxidized 
minerals  can  receive  a  sulphide  coating  before  the  excess  of  hydrogen 
sulphide  is  neutralized  by  the  introduction  of  sulphur  dioxide.  This 
feature  is  described  by  Bacon  in  another  patent b  in  coimection  with 
some  tests  said  to  have  been  made  on  an  oxidized  copper  ore. 

A  few  months  later,  Hovland  c  took  out  another  patent  for  the 
sulphidizing  of  minerals.  A  method  for  the  flotation  of  oxidized 
copper  ore  is  described.  Sulphuric  acid  is  first  applied  to  the  pulp 
to  form  a  solution  of  copper  sulphate.  On  the  addition  of  calcium 
sulphide  and  ferric  sulphate  to  the  pulp,  copper  sulphide  forms, 
which  can  be  recovered  by  flotation.  It  is  claimed  that  the  reac- 
tion is  greatly  promoted  by  the  ferric  sulphate.  Without  the  pres- 
ence of  the  ferric  sulphate,  it  is  difficult  to  make  the  calcium  sul- 
phide react. 

Bacon  d  has  also  patented  a  process  for  the  use  of  hydrogen  sulphide 
under  pressure  for  sulphidizing. 

As  stated  before,  practically  all  of  the  patents  had  reference  to 
the  oxidized  ores  of  copper  and  little  had  been  said  regarding  lead 
ores,  except  that  various  patentees  claimed  the  application  to  lead 
carbonates  and  sulphates.  Sulman  and  Pickard  are  the  only  ones 
that  definitely  describe  the  application  of  these  processes  to  various 
lead  ores.  Hence  it  was  decided  to  test  the  application  of  sulphide 
filming  to  the  oxidized  ores  of  lead,  followed  by  flotation,  as  a  method 
of   ore   concentration. 

SCOPE  OF  EXPERIMENTS. 

A  rather  extensive,  series  of  tests  was  outlined  in  testing  various 
methods  of  sulphidizing,  although  a  number  of  the  methods  were 
soon  found  to  be  impracticable.  An  outline  of  the  different  pro- 
posed methods  follows: 

a  Bacon,  R.  F.,  Flotation  of  minerals:  United  States  patent  1140865,  Aug.  14,  1914. 
b  Bacon,  R.  F„  Flotation  of  minerals:  United  States  patent  1140866,  Aug.  14,  1914. 
t  Hovland,  H.  B.,  Method  of  sulfidizing  metals:  U.  S.  patent  1159942,  July  16,  1915. 
<i  Bacon,  R.  F.,  Flotation  of  minerals:  U.  S.  patent  1180816,  Aug.  14,  1914. 
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1.  Sulphidizing  by  treating  the  drj  crushed  ore  with  hydrogen 
sulphide  gas. 

2.  Sulphidizing  by  Leaching  the  crushed  ore  in  a  solution  of  hy- 
drogen sulphide  or  !>\  bubbling  hydrogen  sulphide  through  the 
suspended  pulp. 

3.  Sulphidizing  with  solutions  of  the  various  sulphides  of  sodium, 
l.  Sulphidizing  with  solutions  of  the  various  sulphides  of  calcium. 

5.  Sulphidizing  by  passing  sulphur  vapor  through  the  drj  crushed 
ore. 

6.  Sulphidizing  by  Dotation  with  a  flotation  oil  containing  Looserj 
combined  sulphur  in  the  oil  molecule.  Such  oils  una  be  called 
"sulphurated  "  oils. 

7.  Sulphidizing  with  colloidal  sulphur  solutions. 

For  each  of  these  methods  many  tests  would  be  necessary  to 
determine  the  best  length  of  time  to  apply  the  sulphidizing  agent, 
whether  the  mineral  formed  needed  to  be  floated  in  neutral,  alka- 
line, or  acid  solutions,  whether  certain  flotation  oils  would  be  better 
than  others  in  flotation  of  the  filmed  sulphides,  and  other  problems. 
The  complete  testing  of  all  these  variables  would  be  an  immense 
undertaking,  and  therefore  many  ''short  cuts"  to  results  that  were 
worth  while  had  to  be  used.  This  called  for  a  great  deal  of  the 
"cut  and  try"  type  of  research  work,  and  the  results  are  hence  difli- 
cult  of  tabulation.  It  is  almost  necessary  that  a  flotation  test  man 
be  an  opportunist  and  when  he  sees  a  test  yielding  poor  results  to 
change  the  flotation  or  other  conditions  immediately,  in  order  to 
save  a  test  that  might  otherwise  prove  to  be  only  the  waste  of  an 
hour's  time. 

SULPHIDIZING   WITH   DRY   HYDROGEN    SULPHIDE. 

Hydrogen  sulphide,  as  a  metallurgical  reagent,  was  used  as  a 
precipitant  in  the  old  chlorination  processes  of  extracting  gold  from 
its  ores,  but  since  the  displacement  of  chlorination  by  cyanidation 
it  has  fallen  into  disuse.  The  development  of  the  hydrometallurgy 
of  copper  gave  some  promise  of  reviving  its  use,  but  both  electrolytic 
and  scrap-iron  cementation  methods  of  precipitation  of  copper  per- 
mit the  direct  production  of  metallic  copper,  so  hydrogen  sulphide 
was  again  discarded. 

FORMER    ATTEMPTS   TO    USE    HYDROGEN    SULPHIDE. 

In  spite  of  the  fact  that  the  use  of  hydrogen  sulphide  has  been 
repeatedly  introduced  and  discarded  by  the  metallurgical  profes- 
sion, this  reagent  is  still  of  good  repute  among  chemical  engineers, 
because  it  can  be  produced  cheaply.  The  chief  reason  for  not  using 
hydrogen  sulphide  has  not  been  the  cost  of  production,  but  rather 
the  fact  that  better  metallurgical  methods  made  its  use  unnecessary. 


88  INNOVATIONS   IN    METALLURGY   OF  LEAD. 

The  best-known  method  of  making  hydrogen  sulphide  gas  is  to 

treat  ferrous  sulphide  (iron  matte)  with  a  dilute  solution  of  sul- 
phurie  acid.  Iron  matte  can  be  made  in  almost  any  smelter,  by  dis- 
tilling half  the  sulphur  from  pyrite,  at  a  cost  not  to  exceed  $5  per  ton 
of  matte.  Sulphuric  acid  is  available  in  most  mining  districts  at  $5  to 
|25  per  ton,  so  that  the  ultimate  cost  of  hydrogen  sulphide  per  ton  of 
gas,  everything  considered,  will  be  $30  to  $60. 

Another  old  method  of  making  hydrogen  sulphide  is  by  the  Claus- 
Chance  process,  in  which  calcium  sulphide  is  treated  with  carbon 
dioxide  gas  in  one  form  or  another,  according  to  the  reaction: 

CaS+H20+C02=CaC03+H2S 

Still  another  method  of  making  hydrogen  sulphide  is  by  passing 
sulphur  vapor  and  hydrogen  or  hydrocarbon  gases  through  a  heated 
vessel  in  the  presence  of  the  proper  catalytic  agents,  such  as  char- 
coal.    About  450°  C.  is  said  to  be  the  most  favorable  temperature. 

During  1914  and-  1915  a  number  of  attempts  were  made  to  use 
hydrogen  sulphide  in  some  of  the  concentration  mills  of  the  South- 
west where  sulphide  ores  of  copper  carrying  some  oxidized  minerals 
were  being  concentrated.  The  gas  was  usually  introduced  directly 
into  the  flotation  machines  and  the  atmosphere  of  the  mills,  as  a 
result,  became  unbearable.  Hydrogen  sulphide  gas  acts  like  a  nar- 
cotic poison  and  the  men  working  hi  it  finally  suffered  from  nervous 
demoralization.  Any  use  of  such  a  chemical  in  a  mill  must  be  made 
in  machines  that  will  not  permit  it  to  escape  into  the  atmosphere  of 
the  mill.    Successful  machinery  for  this  use  is  described  by  Callow.0 

RESULTS    OF   TESTS    AND   DISCUSSION    OF   RESULTS. 

The  results  of  applying  dry  hydrogen  sulphide  gas  to  dry  crushed 
ore,  for  three  different  Utah  ores,  are  given  in  tables  36  and  38. 

The  tests  in  Table  36,  on  material  from  the  May  Day  mine,  were 
made  to  investigate  a  number  of  points.  Tests  1  to  5  and  tests  6  to 
10  were  made  respectively  by  dry  sulphidizing  followed  by  flotation  in 
neutral  and  acid  solutions,  with  the  idea  of  determining  what  length  of 
treatment  of  the  ore  with  the  hydrogen  sulphide  gas  was  necessary. 

The  results  of  the  first  five  tests  show  that  treatment  of  the  ore 
with  hydrogen  sulphide  gas  in  the  dry  state,  followed  by  flotation 
in  neutral  solutions,  did  not  give  satisfactory  extractions.  The 
best  results  in  these  tests  were  with  prolonged  treatment  with  hydro- 
gen sulphide.  Considerable  heat  was  generated  by  the  reaction  and 
the  ore  was  quickly  blackened  by  the  action  of  the  gas.  A  well 
sulphidized  sample  of  ore  could  be  poured  through  the  air  after 
sulphidizing  with  the  result  that  it  as  quickly  reoxidized.  The  iron 
analyses  show  that  some  of  the  iron  was  also  sulphidized  and  accom- 
panied the  lead. 

a  Callow,  J.  M.,  Notes  on  flotation,  191C:  Bull.  Am.  Inst.  Min.  Eng.,  1917,  pp.  245-275. 
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The  results  of  tests  6  to  10  show  plainly  that  treatment  of  the 
dry  ore  with  the  dry  gas,  followed  by  flotation  in  an  acidified  solu- 
tion, gives  much  cleaner  concentrates  and  better  extractions  than 
flotation  in  a  neutral  pulp.  Less  iron  was  found  in  the  concentrates, 
and  it  was  noticed  that  on  addition  of  the  acid  solution  to  the  pulp 
in  the  flotation  machine  hydrogen  sulphide  gas  was  always  evolved 
in  considerable  quantity.  This  result  is  not  surprising,  as  iron 
sulphide  will  react  with  dilute  acid  solutions,  whereas  lead  sulphide 
is  more  stable.  The  presence  of  the  hydrogen  sulphide  in  the  pulp 
did  not  seem  to  affect  the  flotation  of  the  artificial  sulphide,  although 
flotation  men  often  say  that  the  flotation  of  the  natural  sulphides 
is  deleteriously  affected  by  hydrogen  sulpiride.  The  results  of  tests 
11  and  12,  with  a  different  oil,  were  about  the  same  as  those  of  the 
previous  tests.  It  can  be  seen  that  4  to  8  hours'  treatment  of  the 
dry  ore  with  hydrogen  sulphide  gas,  followed  by  flotation  in  an  acid 
solution,  are  the  necessary  conditions  for  good  extractions  on  this 
ore  and  that  neutral  flotation  is  not  satisfactory. 

Tests  14  to  21  were  with  different  flotation  oils  and  no  acid,  to 
determine  whether  any  of  these  oils  would  give  clean  concentrates 
and  good  extractions  without  the  addition  of  acid.  It  can  be  seen 
that  none  were  satisfactory.  The  pine  oil  and  the  cedar  oil  were 
the  best  ones. 

The  results  of  test  23,  compared  with  those  of  test  22,  show  the 
effect  of  extreme^  fine  grinding  as  compared  with  ordinary  grinding 
for  flotation.  Most  of  these  tests  were  made  on  material  ground  to 
pass  a  0.25  mm.  (60-mesh)  sieve,  whereas  test  23  was  made  with 
material  which  had  been  ground  in  an  Abbe  pebble  mill  to  an  im- 
palpable powder  before  sulphidizing.  The  extraction  of  lead  was 
much  better  with  the  finely-ground  material,  although  still  far  from 
satisfactory.  When  acid  was  added,  in  tests  6  to  10,  it  is  probable 
that  the  large  amount  of  acid  used  up  by  the  ore  helped  to  disin- 
tegrate the  ore  in  the  same  way  as  fine  grinding,  allowing  more 
particles  of  lead  carbonate  to  be  acted  on. 

The  last  three  tests  of  the  series  show  the  effects  of  increasing  the 
amount  of  acid  used  during  flotation,  after  2  hours  of  sulphidizing. 
The  higher  extractions  obtained  by  using  the  larger  amounts  of  acid 
is  plainly  evident. 

In  similar  tests  (Table  37,  p.  90)  of  material  from  the  Chief  Consoli- 
dated mine  of  the  Tintic  district,  practically  the  same  results  were 
obtained.  The  first  three  tests  showed  that  increasing  the  proportion 
of  acid  used  in  the  flotation  solution  increased  the  extractions  of  lead 
and  of  silver.  In  the  second  series,  tests  4  to  7,  the  effect  of  using  dif- 
ferent proportions  of  the  same  flotation  oil  was  tested.  Test  7  shows 
plainly  the  effects  of  "  over-oiling. "     The  third  set,  tests  8  to  12,  to 
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find  the  effect  of  time  of  treatment  with  hydrogen  sulphide  Bhowed 
that  litis  ore  required  about  two  hours'  treatment.  The  last  three 
tests  were  made  to  determine  whether  the  froth  coming  off  at  the 
beginning  <>l*  the  test  was  any  richer  than  that  coming  off  Later  in  the 
test.  The  results  show  thai  ii  was  the  further  addition  of  acid  that 
affected  ( 1  u>  tenor  of  the  froth  concentrate,  and  not    the  time  at 

v\  hich  it   was  sampled. 

The  silver  extractions  from  the  Chief  Consolidated  ore  by  dry 
sulphidizing  and  flotation  were  always  higher  than  the  correspond- 
ing lead  extractions,  whereas  with  the  May  Day  ore  the  reverse 
was  true. 

The  results  of  L8  tests  of  the  carbonate  shipping  ore  from  the 
Daly  Judge  mine  of  Park  City,  It  ah,  are  shown  in  Table  38,  page  91. 
This  ore  resisted  all  efforts  at  concentration  by  this  method  until  an 
excessive  amount  of  sulphuric  acid,  368  pounds  per  ton  of  ore  (see 
test  9),  was  used  in  the  Hot  at  ion. 

SUMMARY  OF  CONCLUSIONS  FROM  RESULTS  OF  DRY  SULPHEDIZING. 

The  conclusions  from  the  tests  of  dry  sulphidizing  of  lead  car- 
bonate ores  with  bydrogen  sulphide  gas,  followed  by  flotation  of 
the  artificial  sulphides,  may  be  summarized  as  follows: 

1.  Tbe  ore  must  be  treated  witli  the  hydrogen  sulphide  gas  2  to 
8  hours,  although  the  reaction  takes  place  quickly  and  with  the 
development  of  considerable  heat.  A  tumbling  barrel  is  best  suited 
for  applying  the  gas. 

2.  A  considerable  excess  of  hydrogen  sulphide  is  consumed.  The 
gas  seems  to  penetrate  to  the  centers  of  the  ore  particles,  and  some 
of  the  oxidized  iron  minerals  are  likewise  sulphidized. 

3.  Silver  minerals  associated  with  the  lead  carbonate,  or  separate 
from  the  lead  carbonate,  usually  float  when  the  ore  is  treated  in  the 
flotation  machine. 

4.  Satisfactory  extractions  and  satisfactory  grades  of  flotation 
concentrate  are  obtained  only  when  a  considerable  excess  of  sulphuric 
acid  is  applied  to  the  sulphidized  ore  while  in  the  flotation  machine. 
The  greater  proportion  of  the  artificial  iron  sulphide,  formed  during 
sulphidizing  is  acted  on  by  the  acid,  with  generation  of  hydrogen 
sulphide,  gas  in  the  flotation  pulp.  This  gas  does  not  seem  to  affect 
deleteriously  the  flotation  of  the  artificial  sulphides. 

5.  In  view  of  the  fact  that  so  much  hydrogen  sulphide,  and  sulphuric 
acid  are  necessary  in  the  treatment  of  the  tires  tested  by  this  method 
the  writers  do  not  believe  that  this  phase  of  sulphidizing  and  flotation 
would  be  a  commercial  success  with  average  ore. 


94  INNOVATIONS   IN    METALLURGY   OF   LEAD. 

SODIUM    SULPHIDE    FOR    SULPHIDIZING. 
SULPHIDE    COMPOUNDS    AVADLABLE    FOR    COMMERCIAL   USE. 

There  are  three  sulphide  compounds  of  sodium  that  give  promise 
of  commercial  application  in  sulphidizing  ores — the  normal  sulphide, 
Xa.S:  the  polysulphides,  Na,S4  and  Na2S5;  and  the  sulph-hydrate, 
XaSH. 

The  ordinary  commercial  method  of  preparing  normal  sodium 
sulphide  is  from  the  sulphate  of  sodium  by  reduction  with  carbon, 
the  reaction  being  as  follows: 

Na2S04+4C=Na3S+4CO 

The  freshly  reduced  chemical  is  infusible  (melting  point,  approxi- 
mately 2,000°  C),  and  hence  is  a  porous  cinder  when  drawn  from  the 
furnace.  Tins  product  is  subject  to  spontaneous  combustion  hi  air, 
and  is  usually  wet  with  enough  water  to  form  one  of  the  hydrates  of 
sodium  sulphide.  Two  commercial  grades  can  be  bought,  the  "60 
per  cent''  and  the  "30  per  cent,"  depending  upon  the  proportion  of 
water  of  crystallization.  Probably  the  largest  use  of  sodium  sul- 
phide at  present  time  is  in  removing  hair  from  hides  hi  tanneries.  It 
can  usually  be  bought  for  $40  to  $30  or  less  per  ton  at  the  factories, 
but  owing  to  the  abnormal  conditions  since  1914,  its  price  has  risen 
to  S80  to  SI 00  a  ton. 

The  polysulphides  of  sodium  can  be  made  by  boiling  powdered 
sulphur  in  solutions  of  caustic  soda.  Most  of  the  sulphur  combines 
to  form  Na2S4  and  Na2S5,  although  some  thiosulphates,  thionates, 
etc.,  are  formed.  This  type  of  solution  seems  to  be  more  sluggish 
than  the  normal  sulphide  of  sodium  and  probably  only  one  of  the 
sulphur  atoms  in  the  molecule  functions  as  a  sulphide  ion,  the  others 
being  released  as  colloidal  sulphur. 

The  sulph-hydrate  of  sodium,  NaSH,  is  formed  from  the  normal 
sulphide  in  solution  by  hydrolysis  and  seems  to  be  the  most  active  of 
these  three  compounds  in  the  sulphidizing  of  lead  carbonate  ores. 
It  can  be  prepared  from  the  normal  sulphide  by  treating  the  sulphide 
with  hydrogen  sulphide  gas,  the  reaction  being: 

Xa2S+H2S=2  NaSH. 

This  would  make  it  more  expensive  than  the  normal  sulphide  when 
prepared  in  the  pure  state.  The  hydrolysis  of  the  normal  sulphide 
gives  sodium  hydrate  as  well  as  the  sulph-hydrate,  as  follows* 

Xa2S+H20  =  XaSH  +  NaOH 

The  presence  of  this  sodium  hydroxide  may  explain  why  pure  sulph- 
hydrate  of  sodium  will  seemingly  be  more  efficient  in  its  action  in 
sulphidizing  a  lead  carbonate  ore,  although  the  explanation  is  not 
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immediately  dear.  Results  of  tests  indicate  thai  th<>  advantage  of 
using  Bulph-hydrate,  as  compared  with  the  normal  sulphide,  was  qoI 
enough  to  make  the  separate  preparation  of  ih<v  Bulph-hydrate 
worth  while. 

ACTION    OF    SULPHIDES    OF    SODD  M    <>\    THE    ORE. 

When  a  solution  of  any  of  these  compounds  is  applied  to  ground 
ore,  the  ore  slowly  turns  black.  Slightly  better  results  in  the  flota- 
tion were  obtained  when  the  ore  was  allowed  to  stand  long  enough  to 
become  thoroughly  blackened  by  the  sodium  sulphide.  The  artificial 
lead  sulphide,  on  standing,  finally  assumed  a  crystalline  appearance, 
resembling  galena.  It  was  noticed  during  the  tests  that  sulphidized 
charges  which  were  set  aside  for  a  number  of  days  before  flotation 
often  gave  better  results  than  the  ones  that  were  treated  immedi- 
ately after  sulphidizing.  Whether  the  artificial  lead  sulphide 
actually  recrvstallizes  on  standing  is  not  known,  but  the  results  seem 
to  indicate  that  it  does. 

Some  of  the  most  successful  tests  in  the  sulphidizing  of  lead  car- 
bonate ores  followed  by  flotation  of  the  artificial  sulphide  were  with 
the  normal  (''60  per  cent")  sodium  sulphide  of  commerce. 

DESCRIPTIONS    OF  TESTS    AND   RESULTS. 

The  results  of  a  few  tests  of  the  most  amenable  ore  tried  are  con- 
tained in  Table  39.  This  ore  was  from  the  Shattuck  mine,  Bisbee, 
Ariz.,  where  a  large  cave-in  had  opened  up  a  considerable  amount 
of  it. 

The  table  shows  that  5  pounds  of  sodium  sulphide  per  ton  of  ore 
was  not  enough  for  satisfactory  extraction  of  the  lead,  but  when  10 
pounds  was  used  per  ton,  applied  in  a  |  per  cent  solution  for  two  hours 
of  contact,  93.2  per  cent  of  the  lead  in  the  ore  was  recovered  as  con- 
centrate containing  37.3  per  cent  lead.  The  use  of  larger  amounts 
of  sodium  sulphide  merely  tended  to  increase  the  grade  of  the  con- 
centrate, the  extraction  of  the  lead  and  the  silver  not  being  greatly 
increased.  The  advisability  of  using  more  than  10  pounds  of  sodium 
sulphide  per  ton  would  depend  upon  local  conditions  and  ore  con- 
tracts. A  long  freight  haul  of  the  concentrates  would  probably 
make  it  advisable  to  use  more  sodium  sulphide  and  to  obtain  higher- 
grade  concentrates.  In  each  test  the  ore  seemed  to  use  all  the  sul- 
phur in  the  sodium  sulphide,  but  the  solution  was  often  alkaline 
after  treatment,  so  that  the  excess  of  alkaline  solution  would  have 
to  be  decanted  before  flotation  and  the  thickened  pulp  thinned  with 
fresh  water.  The  reaction  with  the  ore  is  probably  according  to 
one  of  the  equations  following: 

PbC03+Na2S+H20=PbS+C02+2NaOH=PbS+Na2C03+H20 
2PbC03+2NaSH=2PbS+2C02+2NaOH=2PbS+Na2C03+H.O. 
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The  ore  seems  especially  adapted  to  flotation,  as  the  silver  aud  gold 
in  the  ore  accompany  the  lead  and  permit  high  extractions  and  good 
grades  of  concentrate.  In  fact,  few  present  ore-dressing  operations 
show  an  extraction  of  more  than  90  per  cent  of  the  metal  sought, 
as  was  obtained  in  the  flotation  tests  of  this  ore. 

Table  40  shows  the  results  of  sodium  sulphide  in  sulphidizing  two 
other  lead-bearing  materials  that  contained  very  little  silver.  One 
was  material  from  the  Scranton  mine  in  the  North  Tintic  district, 
Utah,  and  the  other  was  tailings  from  the  Wilbert  clump  near  Arco, 
Idaho.  From  the  Scranton'  ore  more  than  90  per  cent  of  the  lead 
was  extracted  in  the  form  of  a  concentrate  carrying  50  to  65  per 
cent  lead.  A  mixture  of  coal-tar  creosote  and  wood  turpentine 
seemed  to  be  a  satisfactory  flotation  oil.  Twelve  pounds  of  sodium 
sulphide  per  ton  of  ore,  applied  in  a  weak  solution  for  one-half  hour, 
seemed  to  be  satisfactory.  The  heading  sample  contained  9  per 
cent  lead,  or  180  pounds,  which  would  require  68  pounds  of  sodium 
sulphide  to  convert  the  lead  completely  to  sulphide,  as  only  12 
pounds  was  consumed,  all  of  the  lead  floated  could  not  have  existed 
as  lead  sulphide.  Probably  only  the  surfaces  of  the  lead  carbonate 
particles  had  been  converted  to  sulphide  of  lead.  This  has  been 
termed  ''sulphide  filming."  The  Shattuck  ore  must  have  had  an 
even  thinner  film  of  sulphide  than  the  Scranton  ore.  More  recent 
tc^ts  made  by  G.  L.  Allen,  while  in  the  employ  of  the  Shattuck- Arizona 
Copper  Co.,  have  shown  good  extractions  with  as  low  as  2  pounds 
of  sodium  sulphide  per  ton  of  ore. 

The  Wilbert  tailing  was  more  difficult  to  treat  successfully,  as  the 
extractions  were  usually  low  and  the  grade  of  concentrate  rarely 
above  30  per  cent  lead.  This  tailing  is  from  a  concentrating  mill 
and  carries  only  5.5  per  cent  lead. 

Coal-tar  creosote  combined  with  wood  turpentine,  pine  oil,  or 
cedar  oil  made  a  suitable  frothing  agent  for  these  materials. 

Results  of  further  tests  with  sulphide  filming  by  means  of  sodium 
sulphide  are  shown  in  Tables  41  and  42.  The  material  from  the 
Bullion  Beck  slime  dump  illustrates  one  type  of  material  that  often 
resists  all  efforts  to  extract  the  lead  efficiently  by  sulphide  filming. 
Seemingly  some  compound  or  compounds  in  the  material  used  up 
the  sodium  sulphide  before  it  could  blacken  the  particles  of  lead 
mineral.  Usually  an  excess  of  the  reagent  would  permit  better 
extractions,  bjit  the  consumption  was  too  large  for  commercial 
work.  Results  of  tests  of  some  other  materials  of  this  kind  are 
recorded  in  Table  43  (p.  104).  Nearly  all  of  these  materials  con- 
tained noteworthy  proportions  of  colloidal  alumina  compounds  or 
of  colloidal  limonite.  The  best  results  in  sulphide  filming  with 
sodium  sulphide  were  obtained  with  those  materials  that  did  not 
have,  such  a  largo  colloidal  content. 
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Disci  3SION    OF    REST   lis. 

Tlie  tables  show  thai  the  extractions  of  silver,  when  present,  were 
usually  lower  than  the  extractions  of  the  lead.  This  result  was  un- 
expected, as  the  writers  had  been  led  to  believe  thai  the  silver  in 
such  materials  was  intimately  associated  with  the  lead.  Grinding 
the  sample  to  the  Oneness  necessary  for  flotation  (passing  60  mesh) 
evidently  freed  the  silver  to  a  large  extent,  as  far  as  these  results  are 
concerned. 

The  crushed  ore  could  probably  lie  treated  with  sodium  sulpiride 
solution  in  Dorr  thickeners  by  adding  solution  to  the  inflow.  The 
overflow  of  clear  solution,  containing  some  sodium  sulphide,  could 
be  brought  to  the  proper  strength  by  adding  strong  sodium  sulphide 
solution  from  a  drip,  and  returned  to  join  the  inflow.  If  the  solu- 
tion should  become  too  alkaline,  it  would  have  to  be  cither  thrown 
away  or  neutralized  and  oxidized.  Tests  to  determine  the  maximum 
alkalinity  permissible  showed  that  solutions  containing  proportions 
ranging  up  to  0.3  per  cent  of  sodium  hydroxide  could  be  successfully 
used  in  llotation  of  many  ores,  but  that  with  more  than  0.3  per  cent 
the  froth  was  often  too  tough  and  leathery  and  the  llotation  was  not 
selective.  When  a  longer  time  of  contact  with  the  sodium  sulphide 
solution  than  that  necessary  to  pass  through  the  Doit  thickener 
was  required,  some  form  of  agitator  that  does  not  utilize  a  jet  of  air 
would  be  necessary.  Tests  of  agitating  a  pulp  with  air  while  sul- 
phidizing  showed  serious  oxidation  of  the  sodium  sulpiride  and  of 
the  artificial  lead  sulphide,  so  that  practically  no  blackening  of  the 
particles  took  place.  A  series  of  Dorr  classifiers  or  a  tube  mill 
containing  no  grinding  balls  are  machines  that  could  meet  the  require- 
ments of  nonaeration  combined  with  agitation  of  the  pulp. 

The  interfering  elements  that  prevent  successful  sulphide  filming 
of  lead  carbonate  ores  were  gradually  isolated  during  the  course  of 
this  investigation.  In  a  number  of  instances  materials  were  tested 
that  would  give  no  extraction  of  lead  by  sulphide  filming  and  flota- 
tion. From  the  flotation  tailing  a  streak  of  white  lead  carbonate 
could  be  separated  on  a  gravity  concentration  table.  This  carbonate 
had  seemingly  not  been  sulphidized,  some  constituent  in  the  ore 
combining  with  the  sodium  sulphide  before  it  had  time  to  act  on  the 
lead.  A  number  of  the  minerals  that  caused  trouble  were  identified. 
In  the  ore  from  the  Chief  Consolidated  mine  of  Eureka,  Utah,  it  was 
possible  to  identify  a  large  amount  of  basic  sulphates  of  iron,  such  as 
utahite  and  jarosite.  These  combine  vigorously  with  sodium  sul- 
phide and  become  black,  but  are  nonfloating.  Manganese  dioxide 
minerals  also  combine  vigorously  with  sodium  sulphide,  oxidizing  it 
to  thionates  and  thiosulphate,  and  hence  cause  trouble.  Enough 
sodium  sulphide  to  satisfy  these   compounds  must  be   added  before 
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the  lead  minerals  can  be  sulpliidized.  In  the  Michigan-Utah  mine 
in  Alta,  Utah,  is  a  load  carbonate  ore  containing  both  manganese 
dioxide  and  basic  sulphates  of  iron.  Attempts  to  remove  these  com- 
pounds have  thus  far  been  unusccessful,  because  the  basic  sulphate 
of  iron  is  insoluble  in  water,  as  is  also  the  manganese  dioxide.  The  use 
of  acids  to  remove  them  is  not  practicable,  owing  to  the  high  per- 
centage of  lime  and  other  acid-consuming  elements  usually  present  in 
these  ores.  Sulphur  dioxide  will  "bleach"  the  manganese  dioxide, 
but  it  forms  di-thionates,  which  are  deleterious  to  flotation.  The 
presence  of  these  minerals,  which  are  fairly  common,  owing  to  the 
fact  that  they  have  their  origin  in  oxidation  of  sulphide  ores,  probably 
explains  the  difficulty  of  floating  certain  carbonate  ores  of  lead." 
Where  an  ore  is  not  refractory  to  sulphidizing  and  flotation,  this 
method  is  a  useful  one. 

CONCLUSIONS   AS  TO   RESULTS   OF  TESTS   WITH   SODIUM   SULPHIDE. 

The  conclusions  reached  from  the  tests  with  sodium  sulphide  as  a 
sulphidizer  previous  to  flotation  are  as  follows : 

1.  Small  quantities  of  sodium  sulphide,  varying  from  2  to  40  pounds 
per  ton  of  ore,  will  convert  the  lead  carbonate  of  ordinary  low-grade 
oxidized  lead  ores  to  a  condition  amenable  to  flotation. 

2.  The  amount  of  sodium  sulphide  consumed  is  so  small  that  evi- 
dently only  a  lead  sulphide  film  is  formed  over  the  surfaces  of  the 
particles  of  lead  carbonate. 

3.  The  time  of  contact  of  the  sodium  sulphide  with  the  ore  should 
be  varied  according  to  the  strength  of  the  solution  used  and  the 
properties  of  the  ore.  With  a  1  per  cent  solution  usually  about 
two  hours  is  required,  although  with  some  ores  a  much  shorter 
period  of  contact  suffices.  Much  better  results  are  obtained  when 
the  sulphidized  ore  stands  for  a  considerable  length  of  time  before 
flotation. 

4.  Air  agitation  during  sulphidizing  is  to  be  avoided  on  account 
of  oxidation  of  the  sodium  sulphide  and  of  the  lead  sulphide. 

5.  Ores  containing  large  amounts  of  colloidal  alumina  or  iron,  or 
basic  sulphates  of  iron  or  alumina,  or  manganese  dioxide  minerals, 
are  difficult  to  sulpliidize  and  more  difficult  to  treat  by  flotation. 
So  far  they  have  not  been  treated  successfully  by  this  method.  Most 
oxidized  ores  contain  one  or  the  other  of  these  deleterious  constitu- 
ents. 

6.  When  silver  minerals  are  present  in  the  ore,  the  extraction 
of  silver  is  usually  5  to  15  per  cent  lower  than  the  extraction  of 
lead. 

7.  Commercial  sodium  sulphide  can  be  bought  at  a  reasonable 
price,  and  the  quantity  required  to  sulpliidize  a  ton  of  ore  is  small, 
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hence  this  phase  od  Bulphidizing  and  flotation  is  distinctly  promising 
from  a  commercial  standpoint. 

8.  The  polysulphides  of  sodium  and  the  sulphydrate  are  accept- 
able substitutes  for  the  normal  sulphide,  although  they  are  usually  aol 
for  sale  on   the  market.    The  sulphydrate  seems   to  !»<•  the  m 
active  sulphidizing  agenl   of  all  lib-  sulphur  compounds  of  sodium 
tested. 

CALCIUM    POLYSULPHIDE    FOR    SULPHIDIZING. 
COMPOUNDS    AVAll.ABl.K    FOB    COMMERCIAL    DSE. 

The  sulphidizing  compounds  available  for  commercial  use  that 
have  calcium  as  a  1>as<-  are  the  aormal  sulphide,  CaS,  the  polysul- 
phides,  CaS5   and   CaS4,  and    the   sulphydrate,   Ca(SH)2.  They  are 

prepared  in  exactly  the  same  way  as  lib-  sodium  compound-, 
and.  similarly,  the  sulphydrate  has  been  found  to  be  the  most 
active.  The  normal  sulpiride  of  calcium  is  a  by-product  in  the  Le 
Blank  process  of  soda  manufacture,  but  unfortunately  is  only 
slightly  soluble.  It  can  also  bo  produced  by  the  reduction  of  gyp- 
sum with  carbon.  The  polysulphides  of  calcium  can  be  prepared 
from  quicklime  and  powdered  sulphur  and  have  the  further  advan- 
tage of  being  extremely  soluble.  The  materials  for  the  manufacture 
of  calcium  polysulphide  are  easily  available ;  also  it  is  on  the  market 
in  both  solutions' and  in  powdered  form,  being  used  in  agriculture  as 
an  animal  dip  and  a  fungicide.  For  these  reasons  more  work  was  done 
with  this  reagent  than  with  the  others.  The  sulphydrate  is  likewise 
extremely  soluble  and  better  adapted  for  use  than  the  normal 
sulphide. 

RESULTS    OF    TESTS    AND    CONCLUSION    FROM    RESULTS. 

The  results  of  three  tests  with  calcium  polysulphide  on  the  ore 
from  the  May  Day  mine  of  the  Tintic  district,  in  Utah,  are  shown 
in  Table  43.  At  least  16  pounds  per  ton  of  ore  seem  to  be  neces- 
sary to  get  a  satisfactory  extraction  of  the  lead,  and  recovery  of 
the  silver  is  very  difficult.  This  latter  point  was  observed  in  the 
tests  with  sodium  sulphide  on  this  ore,  hence  the  inability  to  extract 
the  silver  in  a  satisfactory  manner  from  this  ore  is  not  a  peculiarity 
of  calcium  polysulphide. 
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Table  43. — Results  of  sul  phidizing  ore  from  May  Day  mine  with  calcium  polymlphide, 

[  Issay  of  heading:    Load,  1.5  per  cent:  silver.  2.8  ounces  per  ton.] 


used  per 

ton  of 

ore. 

Time  of 
treat- 
ment. 

Oil  used  in  flotation. 

Concentrates. 

Lead. 

Silver. 

Test 
No. 

In 
concen- 
trates. 

Extrac- 
tion, 

percent- 
ape  of 
total 

content 
of  ore. 

In 
concen- 
trates. 

Extrac- 
tion, 

percent- 
age of 
total 

content 
of  ore. 

1 

Pounds. 
1.6 

8.0 
16.0 

Hours. 
6 

1.5 

Coal  creosote  1.2  poimds,  and  tur- 
pentine 0.4  poimd  per  ton  of 
ore. 

do 

Per  ci  nf. 
12.5 

18.4 
26.1 

32.2 

20.7 
73.0 

Oz.  p.  ton. 

2 

3 

3.6 

do 

11.56 
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Calcium  polysulphide,  although  somewhat  more  sluggish,  is  other- 
wise as  satisfactory  as  sodium  sulphide  for  sulphidizing  and  notation. 

OTHER  METHODS   OF    SULPHIDIZING. 


SULPHUR    VAPOR. 

Oxidized  lead  ores  can  be  sulphidized  by  treating  the  heated, 
pulverized  ore  with  sulphur  vapor,  but  the  mechanical  difficulties 
of  applying  the  sulphur  vapor  caused  the  writers  to  discard  this 
method  as  impracticable.  Sulphur  boils  at  445°  C,  and  in  order 
to  apply  the  vapor  to  the  ore  a  temperature  above  this  point  must 
be  maintained.  Lead  carbonate  begins  to  break  up  into  lead  oxide 
and  carbon  dioxide  at  about  200°  C.  and  is  very  easily  reduced  to 
metallic  lead,  so  that  there  is  little  need  of  using  sulphur  vapor  on 
such  an  ore  at  the  temperatures  that  are  required  to  prevent  the 
sulphur  vapor  from  condensing.  The  application  to  copper  ores 
would  not  be  attended  with  the  same  objections,  as  the  various 
copper  compounds  have  much  higher  melting  points  than  lead 
sulphide  and  lead  oxide.  Elemental  sulphur  can  be  bought  at 
coastal  points  in  normal  times  for  $20  to  $25  per  ton.  It  can  also 
be  cheaply  distilled  from  pyrite  at  smelters  or  reduced  from  roaster 
gases  by  using  an  excess  of  reducing  agent  at  a  high  temperature. 
Its  commercial  preparation  for  use  in  such  a  process  need  not  be 
considered  here. 


SULPHURETED    FLOTATION    OIL. 


The  use  of  a  sulphureted  flotation  oil  is  also  possible  theoretically. 
Much  petroleum  containing  loosely  combined  sulphur  is  being  refined 
by  the  use  of  copper  oxide,  which  forms  copper  sulphide  and  leaves 
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the  petroleum  purified.  Many  of  the  flotation  oils  can  be  caused  to 
take  up  sulphur  and  lose  hydrogen,  by  distilling  or  boiling  the  oil 
with  elemental  sulphur.  II  the  sulphur  content  in  the  "il  is  suffi- 
cient to  IVom  a  film  of  lead  sulphide  over  the  lead  carbonate  par- 
ticles, the  flotation  <»il  is  evidently  in  the  most  advantageous  posi- 
tion to  "wet  "  the  freshly  formed  artificial  sulphide.  In  actual  teste 
the  writers  were  unable  to  get  satisfactory  extractions  by  this  method. 
However,  the  results  with  sulphureted  flotation  oil  and  a  s.miple 
that  had  previously  been  sulphidi/ed  with  sodium  sulphide  were 
slightly  better  than  those  with  uonsulphureted  oil. 

(  OLLOEDAL    SULPHUR. 

Attempts  to  sulphidize  oxidized  ores  villi  colloidal  sulphur, 
obtained    by    the   interaction    of   hydrogen   sulphide   and   sulphur 

dioxide,  also  failed,  as  colloidal  sulphur  does  not  sulphidize  lead 
carbonate.  If  the  ore  has  first  been  sulphidized  with  hydrogen 
sulphide,  and  the  excess  hydrogen  sulphide  is  neutralized  with 
sulphur  dioxide  to  form  colloidal  sulphur,  no  froth  is  formed  on  the 
addition  of  a  flotation  oil,  as  all  the  froth  seems  to  be  "  killed"  by  the 
sulphur  dioxide  or  compounds  formed  in  the  action  on  the  ore. 
Further,  the  writers  have  not  found  that  colloidal  sulphur  can  be 
successfully  substituted  for  the  flotation  oil,  although  this  point 
was  given  httle  attention  after  one  or  two  failures. 

'■metallizing"  the  lead. 

Still  another  method  of  chemically  altering  an  ore  of  lead  in  order 
to  make  it  amenable  to  flotation  is  that  of  "metallizing''  the  lead. 
This  was  suggested  by  W.  H.  Coghill,  who  had  tried  the  aluminium 
desulphurizing  method,  as  practiced  at  the  Nipissing  mine,  in  Cobalt, 
Ontario,  on  an  ore  containing  both  silver  and  lead.  He  informed  the 
writers  that  he  had  noted  the  formation  of  sponge  lead  during  the 
tests. 

In  tests  at  the  Salt  Lake  City  station  solutions  of  caustic  soda  and 
pieces  of  aluminium  were  agitated  with  the  ore.  The  nascent 
hydrogen  was  found  to  desulphurize  silver  and  lead,  or  reduce  them 
to  metallic  form  if  they  were  present  in  oxidized  forms.  It  was 
hoped  that  the  metallized  lead  and  silver  could  be  floated.  No 
difficulty  in  carrying  out  the  metallizing  operation  with  oxidized 
ores  of  lead  was  experienced,  as  sponge  lead  was  visible,  but  this 
lead  could  not  be  floated.  The  presence  of  flotation  oils  of  widely 
different  types  during  the  metallizing  failed  to  improve  the  results, 
although  it  was  possible  to  perceive  small  masses  of  sponge  lead  in 
the  pulp.  By  rolling  the  pulp  for  three  days  in  a  bottle  the  sponge 
lead  collected  in  small  round  balls  which  could  he  screened  out  of  the 
pulp.     The  extraction  of  lead  was  high,  but  that  of  the  silver  was  low. 
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As  this  method  would  be  very  expensive  for  load  alone,  and  was 
designed  for  the  treatment  of  lead-silver  ores  that  were  refractory 
to  other  methods  of  treatment,  the  experiments  were  regarded  as 
failures.  One  pound  of  aluminium  can  reduce  11  pounds  of  lead; 
hence  the  use  of  aluminium  would  he  rather  expensive. 

Silicon  or  ferrosilicon  will  likewise  react  slowly  with  caustic 
soda  solutions,  reducing  the  lead  compounds  and  also  some  of  the 
silver.  One  pound  of  silicon  will  reduce  about  17  pounds  of  lead. 
Silicon  would  be  cheaper  to  use  than  aluminium,  as  it  would  reduce 
the  metallizing  cost  per  pound  of  lead  to  less  than  1  cent.  How- 
ever, the  method  was  considered  of  no  value,  as  the  extraction  of 
silver  was  too  low. 

CONCLUSIONS    AS   TO   RESULTS   OF    SULPHIDIZING   TESTS. 

The  conclusions  drawn  from  a  comparison  of  the  various  methods 
of  sulphidizing  are  as  follows: 

1.  Hydrogen  sulphide  is  the  most  active  of  the  sulphidizing  agents 
tested,  but  its  poisonous  and  offensive  character  makes  its  use 
undesirable  in  ore-dressing  mills. 

2.  Sodium  sulphide  and  the  other  sulpho  compounds  of  sodium 
are  among  the  best  alkaline  sulpirides  for  sulphidizing  lead  carbonate 
ores.  The  sulphydrate  of  sodium  is  the  most  active,  with  the 
normal  sulpiride  a  close  second.  The  cheapness  of  commercial 
normal  sulphide  and  the  small  quantity  required  per  ton  of  ore 
treated  make  it  one  of  the  most  desirable  agents  for  sulphidizing. 

3.  Polysulphide  of  calcium  is  the  best  calcium  salt  for  commercial 
sulphidizing  of  lead  carbonate  ores,  because  it  can  be  prepared 
cheaply  from  elemental  sulphur  and  lime,  and  is  readily  soluble. 
It  is  less  active  in  sulphidizing  than  the  sodium  compounds. 

4.  Other  methods  of  sulphidizing,  especially  the  use  of  elemental 
sulphur  vapor,  sulphuretted  flotation  oils,  or  colloidal  sulphur,  are 
not  a  success  in  notation  of  the  lead  carbonates. 

5.  Metallizing  a  lead-silver  ore  by  the  use  of  caustic  soda  and  alum- 
inium (or  ferrosilicon),  followed  by  flotation,  likewise  failed,  owing  to 
inability  to  float  the  sponge  lead  and  silver. 

PRACTICAL  APPLICATION  OF  RESULTS  OF  TESTS. 

A  number  of  alternative  methods  have  been  worked  out  for  the 
treatment  of  low-grade  oxidized  ores  of  lead,  and  these  methods  vary 
widely  in  the  conditions  under  which  they  can  find  application.  If 
an  ore  is  not  suited,  because  of  its  physical  or  chemical  properties, 
to  treatment  by  a  certain  one  of  these  methods,  it  Is  often  possible 
to  use  some  other  method.  The  argentiferous  lead .  carbonate  ores 
require  different  treatment  from  the  ores  containing  only  lead. 
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LEACHING  METHOD  FOR  LEAD  CARBONATE  ORES. 

In  the  treatment  of  ores  containing  l<;id  carbonate  and  no  other 
valuable  mineral,  one  of  the  simplest  and  cheapest  methods  of  extract- 
ing the  lead  is  thai  of  leaching  it  out  with  acidified  saturated  lni n«-. 
This  method,  however,  can  be  used  only  for  ores  that,  contain 
small  amounts  of  acid-soluble  gangue  material.  I  f  much  alumina  or 
lime  is  present,  these  constituents  ■will  consume  the  acid  intended 
for  the  lead  compounds,  and  hence  one  of  the  other  methods  will  be 
required.  In  any  event,  the  cost  of  the  acid  and  the  salt  forgetting 
the  lead  into  solution  has  been  found  to  l»e  tin-  greatest   <  cpense, 


Figube  12.— Flowsheet  of  proposed  mill  for  leaching  oxidized  ores  of  lead.  1,  ore  bins,  capacity  100  tons 
per  24  hours;  S,  crusher;  S,  roughing  rolls;  4,  linislung  rolls;  5,  triple-washing  Dorr  classifier;  6,  sulphuric 
acid  storage;  7,  brine  storage;  S,  Dorr  thickener  to  remove  slimes;  9,  Dorr  thickener  to  remove  lead  hydrate 
precipitate;  10,  continuous  vaccum  filter;  //,  revolving  dryer;  lg,  pump;  l>,  lime  storage  bin;  14,  lime  slaking 

box;  15,  Dorr  agitator  for  making  milk  of  lime.    — 1. — .     .     ■     Clear  solutions. _ 

Pulps.    For  significance  of  letters  see  table  on  page  109. 

the  cost  of  the  lime  or  the  electric  current  used  for  precipitation 
being  small.  An  example  of  the  calculated  costs  for  treating  one 
of  the  ores  tested  is  shown  on  page  110.  The  estimates  are  based  on 
the  actual  requirements  as  determined  by  tests  of  the  ore. 

FLOW-SHEET   OF    PROPOSED    PLAXT. 

A  flow  sheet  of  a  mill  suitable  for  treating  this  ore  is  shown  in 
figure  12. 

CRUSHING. 

In  the  proposed  mill  the  crushing  machinery  consists  of  a  crusher 
and  two  sets  of  rolls.  Ore  crushed  to  pa-s  through  a  10-mesh  sieve 
was  used  in  many  of  the  tests,  but  probably  ore  considerably  coarser 


108  INNOVATIONS   TN    METALLURGY    OF   LEAD. 

than  10  mesh  could  be  successfully  leached  in  the  large  plant.  As 
most  of  these  oxidized  lead  ores  are  soft  and  friable,  it  is  probable  that 
the  crushing  equipment  could  be  simplified.  Hence,  all  of  the  acces- 
sory apparatus,  like  elevators,  are  not  shown. 

LEACHING. 

The  tests  have  shown  that  less  than  a  half-hour  of  contact  of  the 
acid-brine  solution  is  necessary  to  get  a  93  per  cent  extraction  of  the 
lead.  Hence,  it  is  proposed  to  use  a  number  of  Dorr  classifiers  in 
series  for  leaching  the  ore.  Such  machines  were  used  during  the 
life  of  the  Butte  and  Duluth  mill  at  Butte,  Mont.,  with  considerable 
satisfaction.  They  permit  agitation  of  a  coarse  sand  in  contact  with 
an  acid  solution,  maple-wood  rakes  being  used  in  their  construction. 
The  sand  would  pass  through  six  of  the  classifiers  in  series  in  about 
35  minutes.  As  shown  in  figure  12,  most  of  the  brine  and  all  of  the 
acid  would  be  added  near  the  head  of  the  second  classifier  and  the 
overflow  into  the  first  where  the  fresh  ore  enters.  This  would  give 
a  countercurrent  of  acid  and  ore.  The  third  classifier  would  receive 
neutral  brine  for  washing  out  the  acid  and  lead-bearing  brine. 
Water  can  not  be  used  for  washing,  because  saturated  brine  is  neces- 
sary for  good  leaching  of  the  lead.  This  condition  is  the  main 
mechanical  drawback  to  the  proposed  process. 

SAND    AND    SALT. 

The  sand  overflow,  at  h  in  the  flow  sheet,  can  be  sent  to  the  tailing 
heap  or  dropped  into  a  sand  tank  to  drain  more  thoroughly,  in  order 
to  recover  as  much  of  the  brine  as  possible.  Where  the  cost  of 
common  salt  is  high  it  might  pay  to  install  apparatus  for  final  washing 
of  the  sands  with  water  and  for  evaporating  part  of  the  washings  to 
saturation.  A  part  of  the  waste  water  could  be  made  into  saturated 
solution  direct  by  adding  more  salt  to  make  up  for  mechanical  losses. 
The  moisture  content  of  1.65-mm.  (10-mesh)  sand  can  usually  be 
reduced  by  draining  to  about  16  per  cent.  As  the  saturated  solution 
contains  26.8  per  cent  sodium  chloride,  by  weight,  about  4  tons  of 
that  salt  in  16  tons  of  solution  would  be  retained  by  every  100  tons 
of  sand.  Hence  100  pounds  of  salt  would  be  lost  per  ton  of  ore. 
The  price  of  salt  would  not  exceed  $5  per  ton,  except  in  the  more 
isolated  localities.  The  loss  from  salt  in  the  tailing  would  rarely 
be  more  than  25  cents  per  ton  of  ore,  and  would  usually  be  less,  as 
such  a  leaching  plant  could  probably  get  good  rates  from  the  salt 
manufacturers.  In  the  vicinity  of  Great  Salt  Lake  the  cost  of 
making  salt  from  the  lake  brine  is  probably  less  than  $1.50  per  ton, 
and  the  salt  can  be  bought  in  large  amounts  for  about  $2. 
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The  slime,  overflowmg  with  the  pregnant  liquid,  passes  bo  a  Dorr 
thickener,  from  which  a  product  containing  60  per  cent  solids 
run  to  waste.  As  many  of  the  lead  carbonate  ores  are  known  to 
produce  about  20  per  cenl  of  slime  when  crushed  to  LO-mesh  Bize, 
100  tons  of  sand  would  yield  20  tons  of  slime  containing  8  tons  of 
liquid  or  2  tons  of  salt  that  is,  the  total  salt  loss  would  be  5  tons 
per  100  tons  of  ore.  If  the  pregnant  liquid  entrained  in  the  -linn- 
is  washed  out  with  barren  brine,  there  should  be  recovered  from  20 
tons  of  slime  160  pounds  of  dissolved  lead,  which  is  worth  2.5  cents 
per  pound  at  the  smelter  to  the  producer  in  the  Rocky  Mountain 
States.  If  the  cost  per  day  of  operating  a  Dorr  thickener  is  less  than 
the  value  of  the  lead,  it  would  be  well  to  put  in  another  thickener  to 
recover  the  liquid.  A  large  proportion  of  this  liquid  could  also  be 
recovered  with  a  vacuum  filter,  which  would  have  to  be  acid  proof 
as  the  liquid  is  still  slightly  acid. 

SOI  rjTION. 

The  clarified  overflow  solution  from  the  Dorr  thickener  is  passed 
into  another  Dorr  thickener  along  with  the  proper  amount  of  milk 
of  lime,  or  rather  of  lime,  slaked  in  brine  and  suspended  in  brine. 
This  neutralizes  any  remaining  acid  and  precipitates  the  lead  as  a 
basic  hydrate  which  settles  out  of  solution  fairly  quickly.  The  pre- 
cipitated solution  is  returned  to  the  solution  storage  tank.  The 
thickened  sludge  can  be  sent  to  an  ordinary  vacuum  filter  without 
further  treatment  and  be  washed  free  of  solution  with  a  small  jot 
of  water  or  of  steam.  The  filter  cake  could  be  sent  directly  to  a 
rotary  drier.  This  filter  need  not  be  of  acid-proof  construction,  as 
there  is  no  acid  left  in  the  solution  and  no  dissolved  lead  to  be 
replaced  by  metal  from  metal  parts  of  the  filter. 

CAPACITY  OF  PLANT  AND  COST  OF  OPERATION. 

For  those  interested  in  the  working  of  such  a  plant,  the  tonnage  of 
every  product  at  the  different  steps  of  the  process  is  given  in  the 
following  list.  The  letters  in  figure  12  refer  to  the  letters  in  the 
following  list  and  the  accompanying  weights  of  materials  involved. 

Significance  of  U  W  rs  in  figure  l  ?. 

'  100  tons  of  ore,  containing  10  per  cent  Lead,  of  which  90  percent  can  be  extracted. 
(6)  67  tons  of  sand  tailing,  containing  1  percent  lead:   L2  tons  of  solution,  containing 
3  tons  of  sodium  chloride. 

(c)  IS  tons  of  slime;  882  tons  of  solution,  containing  236  tons  of  sodium  chloride. 

(d)  8.5  tons  of  sulphuric  acid,  specific  gravity  1.84. 

(e)  800  tons  of  solution. 
(/)  100  tons  of  solution. 

(g)  18  tons  of  slime  tailing;  8  tons  solution,  containing  i'  tons  of  sodium  chloride. 
(h)  874  tons  of  overflow  pregnant  solution;  9  tons  of  lead. 
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L0.8  tons  of  precipitate;  10  tons  of  solution. 
(j)  10.8  tons  of  precipitate;  -  tons  of  moisture. 
(k)  10.8  tons  of  precipitate,  containing  75  per  cent  lead,  or  8.09  tons  of  lead. 

10  tuns  of  solution. 
(m)  895  tons  of  solution. 
.     (/O  905  tons  of  solution, 
(o)  2.5  tons  of  lime  (CaO). 
(p)  10  tons  of  solution  for  slaking  lime, 
(o)  15  tons  of  solution  for  making  up  cream  of  slaked  lime. 
5  tons  of  solution  containing  2.5  tons  of  lime. 

From  this  list  the  quantities  of  reagents  used  in  every  24  hours  on 
each  100  tons  of  ore  can  be  calculated;  they  are  as  follows:  Five  tons 
of  common  salt;  8.5  tons  of  sulphuric  acid  (specific  gravity,  1.84); 
2.5  tons  of  lime. 

In  many  places  salt  can  be  bought  for  less  than  $5  per  ton.  delivered. 
In  normal  times  sulphuric  acid  can  be  bought  f.  o.  b.  destination  for 
not  more  than  $10  per  ton,  and,  under  favorable  conditions,  can  be 
produced  for  less  than  $5  per  ton.  Lime  can  be  bought  for  about  $4 
per  ton.  On  this  basis  the  total  cost  for  chemicals  would  be  about 
8120  for  100  tons  of  ore,  or  $1.20  per  ton.  The  cost  of  chemicals  will 
be  about  the  same  no  matter  how  much  lead  is  in  the  ore,  as  it  takes 
a  certain  amount  of  these  materials,  regardless  of  the  lead  content. 
Careful  management  and  the  choosing  of  a  proper  location  should 
reduce  the  costs  somewhat.  The  costs  of  these  materials  might  be 
reduced  one-half  if  they  were  produced  by  the  company  extracting 
the  lead,  or  to  65  cents  per  ton  of  ore  treated. 

In  a  small  mill  of  the  size  considered,  the  costs  of  crushing  the  ore, 
leaching,  filtering,  drying  precipitate,  and  pumping  solutions  need  not 
exceed  75  cents  per  ton,  and  in  a  larger  plant  might  be  considerably 
less  than  75  cents. 

The  total  operating  metallurgical  costs  would  hence  be  about  $1.95 
per  ton  of  ore  for  a  mill  with  a  capacity  of  100  tons  a  day,  treating 
ore  containing  10  per  cent  lead,  with  50  per  cent  acid  efficiency  and 
90  per  cent  extraction  of  the  lead. 

From  100  tons  of  ore  10.5  tons  of  precipitate  containing  about 
75  per  cent  of  lead  as  basic  hydrate  would  be  obtained.  Most  lead 
smelters  will  pay  for  90  per  cent  of  the  lead  in  an  ore  sent  to  them 
and  for  an  oxidized  ore  will  make  a  base  treatment  charge  of  about 
$2  per  ton  and  pay  a  bonus  of  about  10  cents  for  every  unit  of  lead 
above  25  per  cent.  On  such  a  product  as  this  precipitate,  the  bonus 
would  amount  to  $5  per  ton.  The  cost  of  transportation  from 
smelters  in  Utah  to  the  lead  markets  and  the  cost  of  refining  are 
deducted  by  the  smelter,  usually  amounting  to  1.25  cents  per  pound. 
Hence,  with  lead  at  4  cents  per  pound,  this  precipitate  should  bring 
about  $40.10  per  ton,  or  $421  for  10.5  tons,  the  quantity  obtained 
from  100  tons  of  ore. 
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The  first  cost-  of  a  plant   thai  Bhould  lasl  3  to  5  years,  treating 

90,000  to  L50, » tons  of  ore  in  its  life,  is  roughlj  estimated  at  $25,000. 

To  offset  this,  a  depreciation  charge  of  L5  to  25  cents  per  ton  of  ore 
treated  should  be  made,  [nterest  od  the  investmenl  at  id  percent 
would  amount  to  $2,500  per  year,  or  8.35  cents  per  ton  of  ore,  300 
working-days  per  year  being  assumed. 

The  total  cost-  of  mining  most  carbonate  ores  will  average  $3  to 
$2.50  per  ton,  or  probably  a  little  less. 

The  cost  of  transporting  the  ore  to  the  mill  will  vary  according  to 
cont lit  ions  ami  may  be  pract  ically  nothing  or  several  dollars  per  ton. 

Summing  up  the  costs  of  such  a  plant,  we  have: 

Estimated  cost  per  ton  of  ore  treated/or  plant  treating  oxidized  ores. 

per  ton  <>f 
ore  treated. 
M  mJTig $2. 00 

Metallurgical I 

Depreciation 20 

Interest 08 

Total 4. 23 

MATERIAL  THAT  COULD  BE  TREATED. 

The  value  of  the  lead  precipitate  extracted  from  ore  containing 
10  per  cent  lead  is  $4.21  per  ton  of  ore  treated.  Hence,  unless  the 
cost  of  mining  and  treatment  can  be  reduced  below  the  figure  given, 
such  ore  could  not  be  worked  at  a  profit.  An  increase  in  the  grade 
of  ore  would  increase  the  cost  for  chemicals  17.7  cents  for  every 
increase  of  1  per  cent  in  lead  content.  The  value  of  1  per  cent  of 
lead,  added  to  tho  final  precipitate  and  allowing  only  90  per  cent 
extraction,  would  be  37.9  cents.  Hence,  an  ore  containing  11  per 
cent  lead  would  yield  a  profit  of  36  cents,  a  12  per  cent  ore,  72  cents 
per  ton,  and  so  on.  In  many  localities,  the  cost  of  chemicals  would 
be  much  less  than  SI. 20  per  ton  of  ore,  the  figure  used  in  the  compu- 
tations. As  was  pointed  out,  the  cost  of  these  materials  might 
easily  be  cut  to  65  cents  per  ton,  and  the  other  milling  costs  to  as  low 
as  35  cents  for  such  a  small  mill.  This  would  make  the  total  cost  95 
cents  less  and  permit  a  profit  of  93  cents  per  ton  on  10  per  cent  lead 
ore.  If  the  mining  costs  could  be  cut  to  $1  per  ton,  the  lowest  grade 
of  ore  yielding  a  profit  would  be  ore  containing  about  6  per  cent  lead. 

Further,  in  treating  some  ores  the  acid  efficiency  would  be  much 
higher  than  the  50  per  cent  when  for  every  pound  of  acid  that  does 
useful  work  another  pound  is  lost.  This  would  permit  a  considerable 
savinginacid,the  costofwhichmak.es  at  least  half  of  the  cost  for  reagents. 
"Such  ores  often  consist  largely  of  quartz  and  other  insoluble  minerals. 

Briefly,  it  can  be  said  that  with  lead  sidling  at  1  cents  a  pound,  treat- 
ment of   the  low-grade  lead  carbonate  ores  in  the  Rocky  Mountain 
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States  in  an  acid-brine  Leaching  plant  is  practicable.  A  100-ton  plant 
would  cost  §25,000  and  should  have  a  life  o(  at  least  three  years, 
recovering  90  per  cent  of  the  lead  and  yielding  a  basic  hydrate  pre- 
cipitate of  lead,  which  could  be  marketed  to  advantage.  The  lower 
limit  of  the  grade,  of  ore  that  can  be  profitably  treated  would  be  6  to 
11  per  cent  lead,  according  to  geographical  and  other  conditions. 

ESSENTIALS    REQUIRED   BY    PROCESS. 

The  requirements  for  the  success  of  such  a  process  are: 

1.  The  ore  shall  contain  lead  carbonate  (or  sulphate)  and  a  more 
or  less  insoluble  gangue,  so  that  an  acid  efficiency  of  50  per  cent  or 
more  can  be  obtained. 

2.  Salt,  sulphuric  acid,  and  to  a  minor  extent,  lime,  will  have  to 
be  available  at  reasonably  low  figures — $1.50  to  $5  per  ton  for  salt, 
$5  to  S10  for  acid,  and  $3  to  $5  for  lime. 

3.  The  extraction  of  precious  metals  is  small,  with  the  exception  of 
silver  present  as  the  chloride,  which  is  also  soluble  in  the  brine. 
Hence,  most  ores  containing  precious  metals  can  not  be  treated  by 
this  process. 

ALTERNATIVE    LEACHING   METHODS. 

The  method  outlined  for  leaching  lead  from  its  carbonate  ores 
needs  modification  under  certain  conditions. 

CONVERTING    PRECIPITATE    TO    METALLIC    LEAD. 

If  the  cost  of  transporting  the  lead  precipitate  to  the  smelter 
is  high,  or  if  the  precipitate  has  to  be  transported  over  difficult  roads 
in  conveyances  from  which  some  of  the  finely  divided  precipitate 
may  be  lost,  it  may  pay  to  convert  the  precipitate  into  bars  of  metalhc 
lead  at  the  leaching  plant.  This  is  easily  accomplished  with  pre- 
cipitate containing  75  per  cent  lead,  as  the  lead  hydrate  can  be 
calcined  to  oxide  and  the  oxide  reduced  with  little  more  than  the 
theoretical  amount  of  reducing  agent  at  a  low  temperature,  in  simple 
apparatus.  That  is,  one  ton  of  precipitate  will  require  about  125 
pounds  of  charcoal  for  its  reduction,  and  enough  fuel  to  bring  the 
charge  to  about  a  dull  red  heat.  The  impurities  in  the  precipitate 
are  drossed  off. 

The  value  of  the  lead  obtained  from  100  tons  of  the  10  per  cent  ore 
as  mentioned  on  page  110,  would  be  $495,  at  4  cents  per  pound,  and  the 
precipitate  containing  75  per  cent  lead  would  be  worth  $421.  The 
difference  of  $74  can  be  balanced  against  the  cost  of  reduction  of 
the  10.8  tons  of  precipitate,  thus  permitting  a  charge  of  $6.85  per 
ton  for  reducing  the  precipitate.  If  the  precipitate  can  be  reduced 
for  less  than  $6.85,  as  seems  very  likely  with  such  easily  reducible 
material,  it  would  pay  to  add  this  step  to  the  milling  process.  The 
saving  in  freight  to  the  smelter  is  also  to  be  considered. 
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RECOVER!     I  >r   >n.\  \:\:. 

If  some  of  the  silver  in  a  lead-silver  ore  is  soluble  in  the  brine  and 
tends  to  be  precipitated  with  the  lead  hydrate,  the  reduction  <>f  the 
latter  to  metal  would  give  base  bullion  instead  of  pig  lend.  In  order 
to  obtain  most  of  the  lead  in  a  desilverized  condition,  it  might  be 
l>c>t  under  such  conditions  to  remove  the  silver  by  precipitation  on 
scrap  iron  or  on  sponge  lead  before  the  lead  is  precipitated.  Scrap 
iron  is  a  good  precipitant  of  silver  and  only  a  small  proportion  of  the 
lead  will  accompany  it.  In  this  way  all  of  the  silver  in  solution  can 
be  recovered  and  melted  down  into  a  small  quantity  of  base  bullion 
containing  some  lead.  The  rest  of  the  lead  could  then  he  melted 
down  free  of  silver. 

ELECTROLYTIC    PRECIPITATION. 

Many  ores  have  too  large  a  content  of  soluble  impurities  to  permit 
the  preparation  of   a  lead-hydrate    precipitate  of  sufficiently  high 

grade.  Zinc  and  iron  are  the  common  impurities  of  this  character 
in  the  materials  tested.  A  small  proportion  of  manganese  was 
found  in  some  of  the  precipitates,  and  an  ore  high  in  that  metal  might 
possibly  leave  too  much  of  it  in  the  precipitate.  Lead  can  be  pre- 
cipitated from  the  solution  by  electrolysis,  the  method  having  been 
explained  previously.  Electrolytic  equipment  is  always  expensive 
and  adds  much  to  the  first  cost  and  the  overhead  costs  of  a  plant,  so 
that  mining  and  treatment  would  have  to  he  on  a  large  scale  to  make 
the  use  of  this  method  of  precipitation  profitable.  If  zinc  is  the 
principal  impurity,  it  could  he  permitted  to  build  up  in  the  brine 
until  it  began  to  affect  the  solubility  of  the  lead,  and  then  be  pre-" 
cipitated  as  hydrate  with  lime,  as  the  lead  is.  Equipment  for  elec- 
trolytic precipitation,  including  transformers,  motor-generator  set, 
buss  bars,  and  electrolytic  tanks,  having  a  capacity  of  10  tons  of 
lead  per  day  would  cost  about  $16,000  and  should  have  a  life  of  10 
years.  The  power  consumed  is  about  1  kilowatt-hour  for  5  to  15 
pounds  of  lead,  and  constitutes  a  small  part  of  the  total  electrolytic 
costs. 

In  electrolytic  precipitation  the  lead  is  deposited  as  metallic 
sponge  that  is  easily  melted  and  is  an  excellent  precipitant  for  silver. 
A  small  part  of  this  sponge  could  be  used  for  separating  out  the 
silver  before  electrolysis  of  the  lead.  Only  a  small  amount  of  base 
bullion,  requiring  desilverization,  would  be  formed,  whereas  the  bulk 
of  the  lead  would  be  ready  for  market,  as  shown  by  the  analyses  of 
the  bars  melted  down  in  the  laboratory.  The  only  drawback  to  the 
electrolytic  method  used  in  the  tests  was  that  soluble  iron  anodes 
were  used  in  order  to  reduce  the  power  consumption.  The  weight 
of  iron  used  up  is  equivident  to  the  lime  used  in  the  lime-precipitation 
method  and  costs  much  more. 
39094'— IS— Bull.  157 8 
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ELECTROLYTIC   AND   LIME-PRECIPITATIONS    METHODS   COMPARED. 

Comparing  the  requirements  of  these  two  methods  of  making 
metallic  lead  at  the  leaching  plant,  we  find: 

1.  Lime  precipitation  followed  by  reduction  of  the  precipitate 
requires  an  ore  relatively  free  from  soluhle  zinc  and  manganese 
minerals,  whereas  by  the  electrolytic  method  very  impure  solutions 
can  be  hamlled. 

2.  The  weight  of  lime  used  in  the  first  method  is  equivalent  to  the 
weight  of  scrap  iron  used  in  the  other.  The  cost  of  these  two  mate- 
rials must  be  investigated,  in  order  to  compare  the  two  methods. 
Usually  lime  can  be  bought  more  cheaply  than  scrap  iron. 

3.  In  the  first  method  coal  is  used  for  reduction  of  the  lead  to 
metal,  and  in  the  other,  electric  current.  In  each  method  co-al  is 
used  for  heating  the  melting  pots  to  permit  melting  and  casting  the 
lead  and  drossing  off  any  impurities.  In  either  method  the  amount 
of  coal  or  of  electric  current  utilized  is  such  a  small  part  of  the  total 
cost  that  this  item  is  of  minor  importance. 

4.  Although  not  definitely  determined,  it  is  probable  that  the 
electrolytic all}T  precipitated  material  will  yield  lead  of  higher  quality, 
as  a  single  analysis  of  such  lead  showed  a  very  small  content  of 
impurities. 

5.  The  installation  and  overhead  costs  of  a  plant  using  the  elec- 
trolytic precipitation  method  would  be  higher  than  for  a  similar 
plant  using  precipitation  with  lime  followed  by  reduction  with 
carbon. 

6.  In  either  plant  the  advisability  of  reducing  the  precipitate  to 
metallic  lead  before  shipping  depends  on  the  proximity  to  a  lead 
smelter  and  the  price  the  smelter  is  willing  to  pay  for  the  precipitate. 

7.  Silver  in  the  leaching  solution  is  more  easily  taken  care  of  by 

the  electrolytic  process,  as  some  of  the  sponge  lead  precipitated  by 

electrolysis  can  be  used  to  precipitate  the  silver  before  the  solution 

enters  the  electrolytic  tank.     However,  this  point  is  only  of  minor 

importance. 

VOLATILIZATION   METHOD. 

As  pointed  out  already,  some  deposits  of  lead  carbonate  ores  are 
too  far  from  a  suitable  water  supply  for  treatment  by  either  leaching 
or  flotation  methods  to  be  practicable.  For  these  ores  volatilization 
of  the  lead  from  the  ore,  as  chloride,  seems  to  be  better  adapted. 
For  purposes  of  comparison  with  the  other  processes  described  herein, 
an  attempt  is  made  to  evaluate  costs  for  this  process. 

PROPOSED    PLANT    FOR    USE    OF   METHOD. 

For  a  10  per  cent  lead  ore  7.5  per  cent  sodium  chloride  and  5  per 
cent  coal  dust  are  required  for  volatilization,  or  150  pounds  of  salt 
and  100  pounds  of  coal  dust  per  ton  of  ore.     For  fluxing  the  lead 
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chloride  precipitate  al I  50  pounds  of  lime  and  10  pounds  of  coal 

dust  are  required,  also  fuel  is  needed  for  beating  the  melting  pot  or 
furnace  used.  This  should  yield  180  pounds  of  lead,  or  a  90  per  cenl 
63 1  racl  ion. 

For  a  100-ton  mill,  the  COS!  of  sail,  coal  dusf,  and  lime  would  hi' 
approximately  as  follows: 

.  r  100 

•  f  ore. 

7.~>  tone  sail,  at  $5 $37 

7.0  tons  coal  dust,  at  $3 21.00 

2.8  tons  lime,  at  $4 10.00 

Total US.  00 

The  operation  of  such  a  null,  as  can  he  seen  in  figure  L3,  is  very 
simple.  The  ore  after  being  crushed  in  the  dry  state  to  about  LO-mesh 
size,  is  mixed  with  the  proper  proportions  of  salt  and  coal  dust  or 
other  fuel,  and  sufficiently  moistened  with  water  to  ball  slightly. 
This  mixture  is  fed  onto  the  grates  of  a  Dwight-Uoyd  sintering 
machine,  or  similar  down-drafl  roaster.  The  had  volatilizes  as  lead 
chloride  and  the  sintered  residue  is  discharged  to  the  tailing  dump. 
The  <,rases  pass  through  an  electrical  precipitator,  leaving  their  sus- 
pended burden  of  lead  chloride.  The  precipitated  lead  chloride  is 
mixed  with  lime  and  a  small  amount  of  coal  dust  and  melted  down 
in  a  pot  to  metallic  lead  and  calcium  chloride  slag.  Any  lead  chloride 
volatilizing  in  the  melting  operation  is  caught  by  the  electrical  pre- 
cipitator again. 

The  list  of  machines  and  products,  as  represented  on  the  sketch 
shown  in  figure  13,  follows: 

List  of  parts  and  products  shown  in  figure  13. 

1.  < "rushing    department,    containing    jaw    crusher,     rolls,    etc.,     or    equivalent 

equipment. 
'!.   l'istributing  belt. 

3.  Ore  bin. 

4.  <  'oal-dust  bin. 

5.  Salt  bin. 

6.  Mixing  belt. 

7.  Christensen  mixer. 

8.  Mixed-ore  bin. 

9.  Dwight-Lloyd  or  equivalent  down-draft  roaster. 

t0.  Suction  fan  or  blower.  24.000  cubic  feet  per  minute. 

11.  Electrical  precipitator. 

/.'.  Load-chloride  bin. 

IS.  Lime  bin. 

/  ..  Molting  pot  or  small  reverberatory  reduction  furnace. 

15.  Water  tank. 

(a)  100  tons  of  ore,  containing  10  per  cent  Pb,  per  day. 

(6^  100  tons  of  ore,  containing  10  per  cent  Pb,  passing  a  10-mesh  screen. 

(c)  Coal,  passing  10-mesh  Bcreen,  5  tons  per  day. 

(d)  Salt,  7.5  tons,  granulated. 
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(e)  Water,  fi  tons. 

Sintered  tailing.  85  tons. 
(g)  Gases  from  electrical  precipitator,  24,000  cubic  feel  per  minute. 
ih)  Lead  chloride  fume.  12.85  tons  containing  70  per  cent  Pb. 
(»")  Lime,  equivalent  to2.5  tons  CaO. 

Bars  of  lead.  0  tons. 
(jb)  Calcium  chloride.  5  tons. 

The  5  tons  of  calcium  chloride  obtained  from  melting  the  lead 
chloride  is  equivalent  to  2.6  tons  of  sodium  chloride  and  can  be  used 
in  the  mix  that  passes  to  the  down-draft  roaster  9.     This  would 

reduce  the  cost  for  sodium 
chloride  $12  and  make  the 
total  costs  for  reagents  $56 
instead  of  $68. 

The  other  operating  costs 
per  ton  of  ore  treated  will  be 
approximately  as  follows : 
Crushing,  $0.20;  mixing, 
$0.05;  roasting  and  precipi- 
tation, $0.35;  melting  and 
casting,  $0.25;  total,  $0.90. 
The  first  cost  of  such  a 
plant  is  estimated  at  about 
$50,000  and  its  life  as  five 
years.  Hence  a  depreciation 
charge  of  33  cents  per  ton  of 
ore  treated  in  the  plant  dur- 
ing its  life  should  be  made. 
Interest  at  10  per  cent  per 
annum  on  the  investment 
amounts  to  16  cents  per  ton 
of  ore  treated. 

Summing  up,  the  metal- 
lurgical costs  per  ton  of  ore 
would  be:  Chemicals  $0.56, 
and  operation  of  plant  $0.90, 
total  $1.46. 

At  $2.50  per  ton  for  mining,  the  entire  cost  per  ton  of  ore  mined 
and  treated  would  be  as  follows:  Mining,  $2.50;  metallurgical  treat- 
ment, $1.46;  overhead  expense,  $0.49,  or  a  total  cost  of  $4.45  per 
ton  of  ore  treated. 

The  value  of  the  180  pounds  of  lead  recovered,  at  2.75  cents  net 
(4  cents  gross)  per  pound,  would  be  $4.95,  yielding  a  profit  of  $0.50 
per  ton  of  ore  treated,  even  under  the  somewhat  high  costs  assumed. 
The  lead  is  very  pure  and  does  not  need  to  be  refined  or  desilverized, 


Figure  13.— Flow  sheet  of  mill  for  volatilization  of  lead. 
For  sign  figures  of  numbers  and  letters,  see  table  on 
opposite  page. 
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so  the  deduction  of  L.25  rents  per  pound  of  lead  from  the  markel 
quotation  of  1  cents  is  somewhat  excessive.  With  each  increase  of 
0.25  cent  per  pound  in  the  price  of  lead,  the  corresponding  saving  <»n 

a  ton  of  io  per  cent  ore  would  be  15  cents. 

The  volatilization  process  seems  to  have  some  advantage  over  the 
Leaching  process,  but  requires  a  greater  initial  outlay  and  is  hence 
less  adapted  to  the  treatment  of  small  deposits  of  ore. 

If  material  from  a  mill  dump  is  to  be  treated,  the  cosl  of  recover- 
ing such  material  would  be  much  less  than  mining,  and  a  dump  of 
10  per  cent-  lead  content  would  yield  a  handsome  profit  on  the  same 
l>asis  of  operation.  With  a  cost  of  $2  pel-  ton,  and  90  per  cent 
recovery,  a  10  per  cent  lead  ore  in  normal  times  would  yield  a  profit 
of  $2.95  per  ton  in  a  100-ton  mill  working  .".00  days  per  year,  and 
the  return  on  the  investment  in  ono  year  would  he  177  per  cent. 

REQUIREMENTS   COMPARED   WITH    OTHEB    METHODS. 

To  summarize,  the  requirements  of  this  process  in  comparison  with 
the  two  leaching  methods  before  described  are  as  follow-: 

1.  The  volatilization  process,  when  a  down-draft  sintering  ma- 
chine is  used  as  a  roaster,  is  adapted  to  the.  treatment  of  an  ore  con- 
taining only  lead.  Silver,  zinc,  copper,  and  other  metals  are  not 
extracted  from  an  ore  by  this  method. 

2.  As  the  process  is  an  igneous  one,  little  water  is  required,  and 
the  process  can  be  used  in  arid  regions  where;  leaching  or  flotation 
would  require  too  much  water. 

3.  The  operation  of  a  plant  using  this  process  is  simple  and  almost 
automatic,  tho  labor  required  being  largely  for  the  supervision  of 
machinery,  with  the.  exception  of  melting  the  lead  cldoride.        , 

4.  Very  fine  grinding  is  not  necessary,  although  the  ore  must  be 
ground  dry.  Modern  dry-grinding  ball  mills  are  ideal  for  this 
purpose. 

5.  The  reagents  necessary  for  the  process — salt,  lime,  and  coal — 
are  standard  articles  of  commerce  and  easily  available  in  practically 
every  mining  district. 

6.  The  final  product  is  metallic  lead  ready  for  market,  hence 
transportation  costs  are  reduced  to  a  minimum.  The  cars  used  for 
bringing  salt,  lime,  and  coal  to  the  mill  can  be  loaded  out  from  the 
mill,  which  should  permit  better  transportation  rates. 

7.  The  machinery  used  is  all  standard  types  for  sale  on  the  mar- 
ket, except  the  Christensen  mixer,  which  is  of  simple  construction, 
being  made  from  a  piece  of  iron  pipe  and  a  piece  of  shafting  to  which 
are  attached  short  cross  bars. 

8.  The  first  costs  of  such  a  plant  would  be  higher  than  those  of 
a  leaching  plant,  but  the  total  cost  of  operation  would  be  lower. 
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ROASTING   AND    LEACHING. 

The  ehloridizing-leaching  process,  as  developed  in  Utah  by  N.  C. 
Christensen  and  T.  P.  Holt,  at  first  working  together  and  later  inde- 
pendently, consists  of  roasting  the  ore  with  salt  in  the  presence  of 
fuel  and  a  sulphide  for  obtaining  a  chloridizing  atmosphere.  The 
ore,  after  being  roasted  at  slightly  above  600°  C,  is  leached  with 
brine  that  is  about  75  to  80  per  cent  saturated  with  salt  and  is  acidi- 
fied with  sulphuric  acid. 

Christensen  used  a  down-draft  roaster  and  Holt  used  a  shaft 
roaster  with  up-draft  through  the  bed  of  ore.  The  temperature  was 
not  allowed  to  rise  high  enough  to  volatilize  much  lead,  although  it 
is  impossible  to  prevent  considerable  volatilization  of  lead  at  any 
roasting  temperature.  The  modification  of  using  fully  saturated 
brine  will  permit  the  process  being  applied  to  the  treatment  of 
argentiferous  lead  carbonate  ores,  with  recovery  of  copper  and  gold 
as  well.  The  combination  plant  for  volatilization  and  leaching 
mentioned  below  could  be  used  for  this  purpose,  by  further  reduc- 
ing the  draft  so  that  lower  roasting  temperatures  could  be  used. 
In  that  event  the  electrical  precipitator  would  be  rendered  useless, 
and  instead  the  gases  could  be  passed  through  an  acid  tower  and 
scrubbed  with  mill  solution  in  order  to  catch  any  acid  formed  by  the , 
roasting. 

The  process,  as  outlined,  is  well  known,  except  for  the  fact  that 
the  use  of  saturated  brine  will  permit  the  recovery  of  lead.  The 
authors  do  not  believe  that  the  process  is  so  well  adapted  to  such 
ores  as  partial  volatilization,  followed  by  leaching,  for  the  reason 
that  greater  volumes  of  brine  are  necessary  to  dissolve  all  of  the 
lead  from  the  ore.  The  total  costs  are  known  to  be  about  $2.50  to 
S3  per  ton  of  ore. 

VOLATILIZATION   AND    LEACHING. 

The  volatilization  process  described  not  being  adapted  to  the  treat- 
ment of  argentiferous  lead  carbonate  ores,  a  modification  of  the 
plant  shown  in  figure  9,  page  59,  is  necessary  for  recovering  the  silver. 
Such  a  plant  would  be  similar  to  the  plant  sketched  in  figure  9, 
except  that  the  calcines  from  the  down-draft  roaster  would  be  put 
through  a  leaching  plant  resembling  that  shown  in  figure  8,  page  48. 
The  roaster  would  have  to  be  set  for  lower  draft  and  the  ore  not 
sintered.  Only  75  per  cent  of  the  total  lead  content  could  be  ex- 
tracted by  volatilization ;  the  rest  could  be  leached  with  a  brine 
solution  along  with  the  cldoridized  silver,  copper,  and  gold. 
This  modified  process  has  the  following  characteristics: 
1.  A  small  leaching  plant  can  be  used  for  extraction  of  the  residual 
lead,  because  a  smaller  volume  of  brine  will  be  necessary  for  ex- 
tracting the  residual  lead  than  when  leaching  the  raw  ore. 
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■_'.  Tin'  silver,  gold,  and  copper  content  of  ;i  mixed  carbonate  ore 
can  be  recovered  together  with  tin-  remaining  lead. 

:;.  The   roasting  operation   breaks  up  ore  colloids  and  leavi 
producl  thai  can  be  hkmc  easily  Leached,  and  all  slime  troubles  are 
eliminated. 

1.   The  operation  of  both  volatilization  and  leaching  plants  causes 

higher  costs,  which  are  only  justifiable  on  account  of  the  recovery 
of  metals  other  than  the  lead. 

5.  The  addition  of  sulphides,  like  pyrite.  to  the  roasl  in  order  to 
help  chloridizing  of  the  silver  and  the  copper  is  an  added  expense. 

6.  The  necessity  of  leaching  makes  this  process  poorly  adapted 
to  arid  regions. 

VOLATILIZATION   OF   LEAD    ORES   CONTAINING   PRECIOUS 

METALS. 

All  of  the  lead,  silver,  gold,  and  copper  content  could  he  extracted 
from  an  oxidized  ore  by  mixing  the  ore  with  salt  and  by  volatiliza- 
tion roasting  at  about  900°  C.  for  a  sufficient  length  of  time.  The 
down-draft  sintering  machine  and  similar  roasters  are  not  applicable 
for  this  purpose,  because  the  duration  of  the  roast  is  too  short. 
Reverberatory  or  kiln  roasters  capable  of  giving  the  proper  tem- 
perature for  one  to  two  hours  would  be  required.  Otherwise  the  flow 
sheet  of  the  plant  used  would  be  practically  Minilar  to  that  shown 
in  figure  13,  page  116.  The  gold  and  silver  being  extracted  with  the 
lead  and  later  reduced  with  it  would  necessitate  sending  the  pig 
lead  to  a  refinery:  so  that  the  whole  $1.25  for  each  100  pounds  of 
lead  would  have  to  be  deducted  for  shipping  and  refining  charges. 
The  roasting  would  doubtless  be  more  expensive  and  would  consume 
more  fuel,  but  otherwise  the  total  costs  would  be  about  the  same 
as  those  previously  given.  Oxidized  ores  containing  3  to  8  per  cent 
lead  and  1  to  8  ounces  of  silver,  in  siliceous  or  limestone  gangue,  are 
fairly  common  in  the  intermountain  region,  and  are  rarely  mined, 
even  for  gravity  concentration. 

The  advantages  of  this  process,  in  comparison  with  the  others 
mentioned  herein,  when  considered  from  a  commercial  standpoint 
are: 

1.  Salt,  lime,  and  fuel  are  the  only  materials  needed,  and  these 
are  readily  obtainable.  Special  materials  like  sulphuric  acid  are 
not  needed,  and  hence  the  process  i>  not  dependent  on  a  cheap 
supply  of  acid. 

2.  High  extractions  of  all  the  desirable  metals  are  possible,  and 
almost  any  type  of  gangue  is  permissible  provided  that  sintering  or 
slagging  does  not  take  place  at  too  low  a  temperature. 
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3.  The  process  is  adapted  for  use  in  arid  regions  and  at  plants 
at  a  considerable  distance  from  a  railroad. 

4.  The  apparatus  necessary  is  simple  and  inexpensive,  and  can 
be  so  designed  that  a  minimum  of  labor  is  necessary.  This  tends 
toward  low  first  costs  and  low  operating  costs  and  makes  possible 
the  treatment  of  relatively  small  deposits. 

5.  This  process  is  considered  by  the  writers  as  one  of  the  most 
important  in  its  chance  of  future  adoption. 

6.  All  the  operations  proposed  as  steps  of  this  process  are  at 
present  in  use  in  commercial  plants  or  have  been  tested  on  a  large 
scale  in  times  past. 

STJLPHIDIZING   AND   FLOTATION. 

Flotation  of  the  carbonate  ores  of  lead,  although  the  method 
seems  simple  and  adapted  to  be  introduced  in  ordinary  concentra- 
tion mills,  yields  only  a  concentrate  that  must  be  shipped  to  smelters 
for  further  treatment.  However,  the  most  important  question,  as 
regards  the  application  of  this  method  to  such  ores,  is  the  cost  of 
treatment.  Hence  an  attempt  to  set  forth  the  costs  of  this  process 
follows : 

COSTS    OF   PROCESS. 

Most  of  the  ores  treated  in  the  Salt  Lake  City  laboratory  of  the 
Bureau  of  Mines  have  required  about  20  pounds  of  sodium  sulphide 
per  ton  of  ore,  for  the  most  successful  treatment.  The  price  of  sodium 
sulphide  in  normal  times  is  about  2  cents  per  pound,  but  the  war  in 
Europe  has  caused  prices  to  rise  to  4  and  5  cents  per  pound. 

With  the  exception  of  the  cost  of  sulphidizing  reagents,  costs  of 
operation  of  a  sulphidizing  and  flotation  mill  are  about  the  same  as 
those  in  ordinary  flotation  mills.  For  a  plant  treating  100  tons 
a  day  of  ore  containing  10  per  cent  lead  the  costs  are  estimated  to 
be  as  follows: 

Cost  per 
ton  of  ore. 

Sodium  sulphide,  20  pounds,  at  3  cents  per  pound $0.  GO 

Milling 75 

Total 1 .  35 

If  it  be  assumed  that  an  80  per  cent  extraction  of  the  lead  and  a 
concentrate  containing  50  per  cent  lead  is  obtained,  the  daily  output 
would  be  18  tons  of  concentrate.  In  buying  such  concentrate  the 
lead  smelters  will  pay  for  90  per  cent  of  the  lead  content  at  1.25  cents 
per  pound  of  lead  less  than  the  prevailing  market  price,  St.  Louis 
quotations,  whereas  the  charge  for  smelting  lead  ore  or  concentrate 
is  $2  per  ton  for  25  per  cent  lead  content  with  a  bonus  of  10  cents 
per  ton  unit  for  every  unit  of  lead  over  25  per  cent.     Hence,  the  50 
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per  cenl  concentrate  would  be  credited  with  50  cents  per  ton  net 
after  treatment  charges  have  been  deducted,  provided  the  "insol- 
uble" and  the  irou  contents  balance  t<>  make  a  self-fluxing  ore. 
Most  of  the  concentrates  obtained  in  the  tests  have  contained  an 
excess  of  "insoluble"  over  iron.  As  the  penalty  for  excess  of 
"insoluble"  is  10  cents  per  unit  the  probability  is  that,  all  things 
being  considered,  the  bonus  would  vanish  and  the  ore  would  be 
treated  by  the  smelter  free  of  charge.  The  ability  of  smelters  to 
treat  Hot  at  ion  concentrates  bas  not  yet  been  sat  isfactorily  settled,  and 
it  may  he  that  in  the  near  future  the  smelters  will  make  a  charge 
for  sintering  and  otherwise  preparing  the  concentrates. 

The  cost  of  transportation  to  the  smelter  will  usually  average 
several  dollars  per  ton  of  concentrate  for  districts  far  enough  from  a 
smelter  to  make  dotation  of  the  ore  before  smelting  profitable.  If 
the  mill  is  at  a  distance  from  the  railroad  the  cost  of  hauling  the 
concentrate  to  the  railroad  becomes  a  serious  item. 

With  lead  selling  at  4  cents  per  pound,  the  concentrate  will  be 
worth  about  $25  per  ton  delivered  at  the  -inciter,  or  $450  for  18 
tons,  the  daily  output,  of  the  mill.  As  the  original  mill  feed  was 
estimated  at  100  tons  of  ore  daily,  from  each  ton  of  ore  $4.50  Worth 
of  concentrate  would  be  recovered. 

.V  conservative  estimate  of  the  cost  of  mining  the  average  lead 
carbonate  ore  is  the  figure  used  in  previous  calculations,  .$2.50  per 
ton. 

Summing  up  the  operating  costs,  we  have: 

Cost  per 
ton  of  ore. 

M  ining $2.  50 

Milling 1.  35 

Transportation  of  concentrate  to  Bmelter 54 

Total 4.  39 

The  first  cost  of  such  a  plant  will  be  in  the  neighborhood  of  $20,000. 
With  a  life  of  five  years,  the  depreciation  would  be  $4,000  a  year, 
and  interest  at  10  per  cent  would  amount  to  $2,000  a  year.  The 
total  overhead  charge  is  thus  $6,000  a  year,  or  20  cents  per  ton 
of  ore  treated.  Hence,  the  total  cost  of  treating  this  type  of  ore 
by  the  flotation  process  would  be  $4.69  per  ton,  whereas  the  value 
of  the  lead  concentrate  is  only  $4.50  per  ton  of  ore. 

For  treating  material  that  has  already  been  mined,  such  as  mine 
and  mill  dumps,  with  no  mining  cost  to  be  charged  against  the 
method,  the  cost  of  treatment  would  be  low  compared  to  that  of 
some  of  the  other  methods.  The.  costs  of  milling  and  of  the  trans- 
portation of  concentrate  amounts  to  $1.89  per  ton  of  material.  This 
would    leave    $2.61    per   ton   profit.     Furthermore,    many    old    mill 
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dumps  that  do  not  require  grinding  would  permit  of  a  less  expensive 
mill  than  the  one  calculated  on. 

It  must  also  be  remembered  that  when  precious  metals  are  asso- 
ciated with  the  lead,  as  there  usually  are  in  the  ores  of  the  mountain 
States,  the  value,  of  the  precious  metals  may  make  the  concentrates 
sufficiently  valuable  to  permit  concentration  of  the  same  grade  of 
mine  ore  at  a  profit. 

CONCLUSIONS    AS    TO    FLOTATION    OF    LEAD    CARBONATE    ORES. 

Summarizing,  the  principal  points  about  flotation  of  the  lead  car- 
bonate ores  as  compared  to  other  methods  are  as  follows: 

1.  Not  all  ores  can  be  treated  by  sulphide  filming  and  flotation, 
but  for  those  that  do  yield  to  such  treatment  the  process  seems  to 
have  commercial  possibilities. 

2.  Equipment  similar  to  that  necessary  in  a  flotation  mill  of  the 
ordinary  type  can  be  used,  with  the  possible  addition  of  a  thickener 
or  a  mechanical  agitator  for  applying  the  sulphidizing  solution. 

3.  In  addition  to  the  ordinary  cost  of  milling  there  is  to  be  con- 
sidered the  cost  of  such  a  reagent  as  sodium  sulphide,  which  will  be 
10  to  75  cents  per  ton  of  ore. 

4.  In  ores  containing  silver  and  gold  in  addition  to  the  lead,  the 
gold  and  the  silver  are  often  associated  with  the  lead  minerals,  and 
consequently  such  ores  are  amenable  to  treatment  by  this  method. 

5.  The  greatest  obstacle  to  the  commercial  success  of  this  method 
is  the  cost  of  shipping  the  concentrate  to  the  smelter.  The  methods 
that  produce  either  metallic  lead  or  lead  hydrate  would  have  much 
lower  transportation  and  refining  charges. 

6.  The  method  requires  an  ample  supply  of  water  and  hence  is 
not  adapted  to  conditions  in  arid  regions. 

7.  For  working  mine  and  mill  dumps  a  10  per  cent  lead  content 
would  be  highly  profitable  at  normal  prices,  and  considerably  lower 
grades  could  be  treated  by  this  method. 

8.  The  first  cost  of  a  plant  for  flotation  of  lead  ores  is  cheaper  than 
that  of  any  other  type  considered,  with  the  exception  of  a  gravity 
concentration  mill.  It  is  assumed  that  only  ores  not  amenable  to 
gravity  concentration  are  in  question. 
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PROBLEMS  INVESTIGATED  BY  THE  BUREAU  OF  MINES. 

Two  major  problems  in  the  treatment  of  the  sulphide  ores  of  lead 
were  given  attention  when  the  work  on  such  ores  al  the  Salt  Lake 
City  station  of  the  Bureau  of  Mines  was  begun. 

RECOVEKY   OF   GALENA   FROM    SLIMES. 

The  first  problem  is  that  of  recovering  galena  from  the  slimes  of 
concentration  mills.  This  mineral  is  often  so  friable  that  it  slimes 
badly  when  crushed  for  concentration,  consequently  the  slime  losses 
were  formerly  serious.  It  was  not  uncommon,  only  a  few  year-  a'_ro. 
to  liml  concentration  mills  losing  1  pound  of  lead  for  every  l'  saved 
in  concentrates. 

This  condition  of  affairs  has  long  been  recognized.  The  Bunker 
Hill  &  Sullivan  Mining  &  Concentrating  Co.,  of  Kellogg,  Idaho,  two 
or  three  years  ago  started  an  experimental  plant  for  determining  the 
best  way  to  recover  these  losses.  The  Malm  process  of  dry  chloridiz- 
ing  was  tried  and  failed,  partly  because  the  ore  chiefly  contained  lead 
and  had  only  a  small  content  of  zinc,  whereas  the  Malm  process  is 
designed  primarily  for  ores  with  a  high  zinc  content.  It  was  noticed 
that  during  the  treatment  of  the  ore  with  chlorine  and  in  its  subse- 
quent roasting  the  lead  was  converted  to  sulphate  of  lead  and  that 
this  lead  sulphate  was  soluble  in  strong  salt  solutions.  This  was  said 
to  be  the  discovery  of  R.  S.  Handy,  the  mill  superintendent,  and  was 
patented  by  him.6 

The  discovery,  however,  is  not  new,  as  it  formed  the  basis  of  a 
process  used  in  1S5-A  by  Bequerel, c  of  the  Academy  of  Science  of  Paris. 
Bequerel  claims  that  he  worked  with  over  20,000  pounds  of  ore  from 
Mexico,  South  America,  and  the  Erzgebirge  and  the  Altai  Mountains. 
His  method  consisted  in  either  a  chloridizing  or  a  sulphating  roast  of 
the  ore  to  render  the  various  metals  soluble  in  brine,  followed  by  a 
brine  leach.  The  soluble  compounds  were  said  to  be  silver  chloride 
and  lead  sulphate.  The  solution  obtained  was  electrolyzed.  The 
method  was  not  a  commercial  success,  because  the  only  available 
source  of  electric  current  in  those  days  was  from  the  primary  cell,  a 
source  of  power  that  was  entirely  too  expensive. 

a  Experimenters:  C.  L.  Larson,  M.  J.  Udy,  and  H.  C  X 

&  Handy,  R.  S.,  Process  of  treating  ores;  U.  S.  patent  r  -.  1914. 

c  Bequerel,  M.  M.,  etc.,  Traite  d'eleetricit^  et  de  magn^tisme.    Paris,  1 855.    Vol.  2,  pp.  276-446. 
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The  fact  that  galena  can  be  caused  to  roast  largely  to  lead  sulphate 
and  that  the  lead  sulphate  is  soluble  in  strong  brine,  although 
known  long  ago,  has  never  been  utilized  profitably  and  has  been 
rediscovered  a  number  of  times,  as  at  Kellogg.  The  writers  found 
this  old  process  being  tested  in  the  laboratory  at  Kellogg,  and  later 
found  that  it  had  been  utilized  more  or  less  by  N.  C.  Christensen  in 
his  millwork  at  Silver  City,  Utah,  where  a  ehloridizing  roast  was 
being  given  to  oxidized  or  semioxidized  ores,  followed  by  a  brine 
leach.  In  Christensen's  work  the  brines  used  were  not  saturated 
solutions  and  hence  could  not  exert  the  same  solvent  effect  as  satu- 
rated brine.  Christensen,  however,  recognized  the  value  of  concen- 
trated solutions  of  brine  for  obtaining  better  extractions  of  lead. 

The  work  at  the  Salt  Lake  City  station  has  been  a  further  investiga- 
tion and  development  of  these  discoveries.  The  Bunker  Hill  &  Sullivan 
Co.  has  likewise  continued  the  development  of  this  method,  and 
has  cooperated  with  the  Bureau  of  Mines  to  a  considerable  extent. 
Some  of  the  data  herein  presented  were  obtained  in  experiments  at 
the  bureau's  station  and  some  were  obtained  from  the  operation  of 
a  semicommercial  plant  by  that  company.  In  the  meantime  the 
advent  of  flotation  solved  the  problem  of  the  slime  losses  for  the 
company  and  made  the  further  development  by  it  of  a  hydrometal- 
lurgical  process  less  necessary.  Smelter  problems,  however,  brought 
up  the  question  as  to  the  best  method  of  treating  all  the  ore  of  the 
mine,  whether  by  concentration  and  smelting  or  by  hydrometallurgical 
treatment  of  both  the  shipping  and  milling  ore  on  the  ground.  Neces- 
sity for  immediate  action  caused  the  company  to  build  a  smelter  to 
smelt  the  concentrate  from  its  mills,  although  the  development  of  the 
details  of  the  lead  leaching  process  was  not  abandoned.  A  compar- 
ison of  the  two  alternative  methods  will  be  found  on  pages  —  to  — . 

TREATMENT    OF    COMPLEX    SULPHIDES. 

The  second  major  problem  involving  sulphide  ores  of  lead  is  that 
of  lead  contained  in  the  so-called  "complex"  sulphides.  Complex 
sulphides  are  usually  rendered  such  by  the  presence  of  zinc  sulphide 
with  the  lead  sulphide,  and  iron  and  copper  sulpirides  often  accompany 
them.  If  the  various  sulphide  minerals  are  present  in  the  ore  in 
coarse  grains,  there  is  usually  little  difficulty  in  separating  them  from 
each  other  by  modern  methods  of  ore  dressing.  However,  there  are 
many  ores  in  which  the  mineral  grains  are  so  small  that  no  ordinary 
ore-dressing  process  will  separate  them.  These  complex  sulphide 
ores  may  often  have  a  large  content  of  lead,  zinc,  silver,  gold,  and 
copper,  but  the  impossibility  of  separating  the  minerals  from  each 
other  makes  the  ore  of  little  value  or  even  worthless. 

Hence  the  feasibility  of  roasting  and  leaching  these  ores  in  order  to 
remove  the  lead  by  the  acid-brine  leaching  process,  or  by  the  subli- 
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mation  process,  was  investigated.     The  particular  types  of  ore  bo 
which  these  methods  should  apply  are  as  follows: 

1.  Zinc  sulphide  concentrates  containing  s >  (up  to   10  per  cent) 

Lead. 

2.  Zinc-lead  sulphide  ores  doI  amenable  to  concentration. 

:;.  Pyrite  containing  lead,  in  localities  too  far  from  a  Lead  Bmelter 
to  permit  shipment. 

The  methods  that  have  been  tested  in  the  bureau's  laboratory  for 
the  solution  of  these  problems  are: 

1.  Differential  llotation. 

2.  Roasting  and  acid-brine  leaching. 

3.  Sublimation  ami  acid-brine  leaching. 

SIMPLE    SULPHIDE    ORES    OF    LEAD. 

In  taking  up  the  problem  of  the  treatment  of  the  simple  sulphide 
ores  of  lead,  as  previously  outlined,  the  application  of  llotation  to 
prevent  slime  losses  of  galena  during  concentration  need  hardly  be 
explained.  At  the  inception  of  the  work  at  the  Salt  Lake  City  station 
the  value  of  flotation  for  such  ores  was  not  as  apparent  as  it  now  is 
and  recoveries  were  often  low.  Since  the  introduction  of  llotation, 
the  recoveries  of  lead  sulphide  from  disseminated  ores  have  been 
raised  to  as  much  as  95  per  cent.  For  a  concentration  process  such 
recoveries  are  remarkably. high.  However,  hydrometallurgical  pro- 
cesses, in  which  solutions  have  a  chance  to  penetrate  to  the  very 
center  of  the  small  particles  of  ore,  are  usually  capable  of  very  high 
extractions,  and  usually  have  the  added  advantage  of  making  metal 
direct.  On  that  account  the  methods  described  below  are  still  of 
considerable  interest,  as  they  encourage  the  hope  of  a  lower  cost  of 
production. 

PRELIMINARY  LEACHING  TESTS  AT  BUNKER  HILL  &    SULLIVAN 

PLANT. 

When  it  was  discovered  that  saturated  brine  would  dissolve  lead 
sulphate  the  Bunker  Hill  &  Sullivan  Co.  started  a  series  of  cyclic 
experiments  in  which  the  shme  tailing,  after  being  mixed  with  salt, 
was  roasted  and  then  leached  with  brine.  The  object  of  a  chlorid- 
izing  roast  was  to  convert  the  silver  associated  with  the  lead  to  the 
form  of  silver  chloride,  which  is  soluble  in  brine.  By  using  the  same 
brine  repeatedly  on  a  series  of  more  than  30  roasts,  and  precipitating 
the  lead  after  each  leach  by  adding  sufficient  lime,  it  was  found 
thai  apparently  the  solution  did  not  deteriorate,  and  that  sati>factory 
extractions  of  the  lead,  with  40  to  70  per  cent  of  the  silver,  were 
possible,  depending  on  the  success  of  the  roast.     In  the  leaching  of 
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each  roast  enough  wash  water,  or  weak  brine,  was  used  to  make  up 
for  losses  of  solution  in  the  tailing  and  for  accidental  losses  in  the 
laboratory.  This  introduction  of  fresh  weak  solution  each  time- 
recovered  a  great  deal  of  the  salt,  and  also  was  later  shown  to  he  the 
cause  of  the  solution  not  fouling  during  the  cyclic  work.  The  roasts 
were  made  in  a  piece  of  4-inch  iron  pipe  that  was  laid  across  a  black- 
smith's forge  and  slowly  rotated  by  means  of  a  worm  gear  attached 
to  a  small  motor.  Roasts  conducted  at  temperatures  varying  from 
400°  to  700°  C.  permitted  good  extractions  of  lead  in  nearly  all  tests, 
whereas  the  best  extractions  of  silver  were  in  roasts  conducted  at  tem- 
peratures of  600°  to  700°  C.  A  roast  lasting  about  one  hour  at  these 
latter  temperatures,  and  in  such  a  roaster,  was  sufficient.  All  of 
the  leaching  was  with  hot  brine.  This  work  was  later  checked  by 
use  of  a  test  plant  capable  of  treating  a  maximum  of  10  tons  of  ore 
per  day.  After  all  leaks  had  been  stopped  in  the  test  plant  it 
developed  that  the  solutions  gradually  fouled  by  the  building  up  of 
sodium  sulphate  and  other  compounds  and  by  the  falling  off  of  sodium 
chloride  in  the  solution.  Occasionally  it  was  noticed  that  if  hot 
solution  from  the  leaching  tanks  or  filters  was  permitted  to  cool,  a 
considerable  amount  of  lead  chloride  would  crystallize  out  on  cooling. 
Some  tests  were  made  to  determine  whether  it  might  be  possible 
to  obtain  lead  chloride  in  such  a  way  and  later  treat  it  for  the  lead 
content.  It  was  found  that  it  was  not  always  possible  to  obtain 
solutions  sufficiently  saturated  with  lead  chloride  to  yield  crystals 
on  cooling.  The  method  of  lime  precipitation  seemed  to  be  better 
adapted  for  consistent  recovery  after  the  leaching  of  the  lead  from  the 
brine  solution. 

LEACHING  TESTS   BY   BUREAU    OF   MINES. 

At  this  point  the  bureau  took  up  the  f urther  study  of  the  process, 
cooperating  with  the  Bunker  Hill  &  Sullivan  Co.  by  exchange  of 
data  and  by  occasional  visits.  It  was  decided  to  try  to  avoid  the 
use  of  heated  solutions  if  cold  solutions  could  be  used  just  as  well. 
The  use  of  cold  solutions  was  found  to  be  feasible.  Also  it  was 
determined  that  a  ratio  of  solution  to  ore  such  that  each  liter  of 
solution  would  contain  10  grams'  of  lead  was  satisfactory.  As  the 
material  being  tested  contained  about  7  per  cent  lead,  a  pulp  ratio 
of  about  7:1  would  have  to  be  used.  Such  a  ratio  in  leaching  is  not 
excessive.  The  heating  of  solution  is  expensive,  and  as  good  extrac- 
tions of  lead  by  the  use  of  not  too  large  amounts  of  cold  brine  were 
possible,  all  further  work  was  with  cold  solutions. 

It  was  determined  that  the  lead  could  be  easily  converted  to  a 
form  soluble  in  the  brine  (either  lead  sulphate  or  chloride)  by  roast- 
ing, and  that  satisfactory  extractions  can  be  obtained  by  roasting 
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through  a  wide  range  of  temperatures.  Sodium  sulphate  i  formed 
by  the  action  of  the  sodium  chloride  on  the  lead  compounds.  When 
the  calcine  from  a  chloridizing  roasl  is  moistened  the  sodium  sulphate 
immediately  dissolves  and  reacts  with  any  had  chloride  present  to 
form  lead  sulphate.  Hence  it  was  impossible  to  determim  how 
much  lead  chloride  and  how  inneh  lead  sulphate  were  formed  in  the 
roast,  as  all  the  lead  soluble  in  neutral  brine  would  be  converted  to 
lead  sulphate  in  the  attempt  to  leach  out  the  lead  chloride  with  hot 
water.  However,  it  was  found  that  80  to  99  per  cent  of  the  hail  in 
tlu^  ore  was  converted  to  a  form  soluble  in  brine  in  the  roasts  a-  per- 
formed at  the  Bunker  Hill  &  Sullivan  experimental  plant.  It  was 
also  determined  that  about  10  per  cent  of  the  lead  in  the  ore  was 
volatilized  in  such  roasting.  The  consumption  of  salt  (NaCl)  in 
roasting  was  also  determined  and  was  found  to  be  20  to  40  pounds 
per  ton  of  the  material  tested.  Further,  although  the  Bunker  Hill 
&  Sullivan  slime  tailing  contained  only  4  per  cent  of  sulphur,  it  could 
be  roasted  with  no  additional  fuel  in  a  blast  roaster  of  the  Holt- 
Dern  type. 

Two  series  of  cyclic  experiments  with  cold  leaching  were  carried 
out  in  the  laboratory  at  the  Salt  Lake  City  station  with  a  number  of 
samples  of  calcines  from  the  roasters  of  the  company's  experimental 
plant.  In  one  of  these  series  of  cycles  the  calcines  were  leached 
with  brine  to  remove  the  lead,  and  then  lime  was  added  to  the  leach  to 
precipitate  hydrated  oxide  of  lead  and  regenerate  the  solution  for 
further  leaching.  The  sodium  sulphate  in  the  solution  was  decom- 
posed by  adding  sufficient  calcium  chloride  to  the  brine  at  the 
beginning  of  the  leach  to  react  with  all  soluble  sulphates  and  form 
calcium  sulphate,  which  is  relatively  insoluble  and  is  left  behind  in 
the  tailing. 

In  the  other  series  of  cyclic  leaches  the  use  of  calcium  chloride  for 
precipitation  of  sulphates  was  omitted  in  order  to  determine  the 
effect  of  permitting  the  sulphates  to  build  up  in  the  solution.  Over 
30  complete  cycles  were  followed  through  in  each  series. 

LEACHING     WITH     ADDITION     OF    CALCIUM     CHLORIDE    TO    PRECIPITATE 

SULPHATES. 

The  results  of  the  first  series  of  tests  are  shown  in  Table  44  follow- 
ing. In  the  first  six  cycles  no  calcium  chloride  was  added,  in  order 
to  determine  whether  any  noticeable  effect  would  take  place  after 
the  addition  of  calcium  chloride  was  commenced. 

In  cycles  7  to  19,  inclusive,  enough  calcium  chloride  was  added 
to  precipitate  the  sulphates  in  the  solution  before  application  to  the 
ore.     In  Xos.  20  to  30  the  solution  was  permitted  to  become  slightly 
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basic  witib  lime  during  precipitation  and  was  then  neutralized  with 
hydrochloric  acid.  As  a  result  calcium  chloride  was  formed  in  the 
leach  liquor.  In  test  21  the  solution  contained  0.35  per  cent  of  CaO 
(the  Ca  being  present  as  calcium  chloride  or  as  sulphate,  but  deter- 
mined as  CaO  by  titration  with  KMnOJ,  and  a  precipitate  was 
obtained  containing  77.08  per  cent  Pb.  The  building  up  of  the  cal- 
cium chloride  in  the  subsequent  leaches  resulted  in  a  poorer  grade 
of  precipitate,  the  lead  content  falling  to  65.54  per  cent  Pb,  when 
the  proportion  of  CaO  in  solution  was  0.52  per  cent.  In  tests  24 
and  25  the  addition  of  lime  was  omitted,  and  the  lime  content  of  the 
solution  fell  to  0.36  per  cent,  whereas  the  lead  content  of  the  pre- 
cipitate rose  to  70.62  per  cent. 

In  each  test  an  attempt  was  made  to  wash  out  the  sodium  chloride 
left  in  the  residue  after  leaching,  the  wash  water  being  added  to  the 
brine  to  make  up  for  losses  of  solution.  The  volume  of  solution 
built  up  rather  fast  because  too  much  wash  water  was  generally  used, 
and  more  sodium  chloride  had  to  be  added  to  keep  the  solution 
sufficiently  saturated.  The  excess  of  water  was  evaporated  after 
cycle  7  and  after  cycle  30. 

In  cycles  31  to  35  the  object  was  to  determine  how  much  lead  could 
be  gotten  into  solution.  In  general,  an  excess  of  ore  was  used.  In 
test  31  the  lead  content  in  the  solution  was  0.945  per  cent  and  in 
test  32  only  0.893  per  cent.  This  low  content  was  probably  due  to 
the  use  of  wash  water.  Hence  in  test  33  no  wash  water  was  added 
to  the  solution,  and  the  lead  content  increased  to  1.28  per  cent.  It 
was  noticed  that  when  calcium  chloride  solution  was  added  a  peculiar 
white  precipitate  not  resembling  calcium  sulphate  was  formed.  It 
was  found  in  leach  35  that  if  the  calcium  chloride  solution  were  later 
saturated  with  sodium  chloride  this  precipitate  did  not  form.  Hence 
the  compound  was  probably  the  basic  chloride  of  lead,  formed  on 
diluting  the  brine  containing  lead  with  water. 

CONCLUSIONS    FROM    TESTS. 

From  this  series  of  leaches  the  following  conclusions  can  be  drawn : 

1.  Cyclic  leaching  of  a  roasted  lead  sulphide  ore  with  a  neutral 
brine,  followed  by  precipitation  of  the  lead  from  the  brine  by  means 
of  lime,  is  possible  under  certain  conditions. 

2.  By  removing  sulphates  from  the  solution  by  the  use  of  calcium 
chloride,  followed  by  careful  washing,  it  is  possible  to  obtain  a  pre- 
cipitate of  hydrated  lead  oxide  containing  70  to  75  per  cent  lead. 

3.  The  addition  of  a  small  amount  of  calcium  chloride  need  not 
be  made  after  every  cycle,  but  only  when  the  content  of  sulphates 
seems  to  be  building  up  to  an  amount  that  affects  the  solubility  of 
the  lead  in  the  solution. 
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4.  The  calcium  chloride  solution  added  should  be  saturated  wi  h 
sodium  chloride  in  order  to  prevent  precipitation  of  a  basic  chloride 
of  lead  by  dilution  of  the  brine. 

5.  The  precipitation  of  lead  from  the  brine  by  lime  takes  place 
quickly  both  in  cold  and  in  warm  solutions. 

6.  The  lime  should  bo  slaked  in  brine  in  order  to  prevent  dilution 
of  the  leaching  solution. 

7.  Any  sodium  chloride  carried  down  with  the  lead  precipitate  can 
be  washed  out  with  water. 

S.  Some  chlorine  is  left  in  the  precipitate,  according  to  the  effi- 
ciency of  washing,  and  it  is  probable  that  this  would  cause  volatiliza- 
tion of  lead  chloride  during  smelting  of  the  precipitate. 

LEACHING    WITHOUT    CALCIUM    CHLORIDE. 

The  second  series  of  cyclic  leaches  was  performed  on  a  sample  of 
calcines  from  a  shaft  roaster  (Holt-Dern)  of  semicommercial  size 
used  at  the  Bunker  Hill  &  Sullivan  test  plant.  In  this  series  of 
tests  the  cycle  consisted  of  leaching  with  neutral  brine  followed  by 
precipitation  with  lime.  Calcium  chloride  was  not  added  to  any 
of  the  leaches,  in  order  that  sodium  sulphate  might  build  up  in  the 
solution  if  it  would.     The  numerical  data  are  contained  in  Table  45. 

In  cycle  11  the  solution  was  evaporated  to  a  smaller  volume  after 
precipitation.  During  the  evaporation  a  scum  of  brown  material 
separated  but  gave  a  negative  assay  for  lead.  Evaporation  was 
necessary  because  the  washing  with  water  diluted  the  solution  and 
more  sodium  chloride  had  to  be  added  to  keep  the  solution 
saturated.  The  accumulation  of  solution  was  undoubtedly 
greater  than  could  be  allowed  in  practice  and  to  retain  all  impuri- 
ties resort  was  had  to  evaporation  of  the  solution  to  reduce  its 
volume. 

In  cycle  13  the  lead-bearing  brine  had  a  yellowish  green  color, 
probably  due  to  manganese  and  a  small  content  of  iron.  The  lead 
hydrate  precipitate  was  colored  brown  and  the  average  assay  of 
all  the  precipitates  shows  about  1  per  cent  of  manganese. 

In  cycle  14  large  volumes  of  water  were  used  to  wash  the  sodium 
chloride  out  of  the  precipitate. 

In  cycle  15,  during  the  analysis  for  lime,  considerable  iron  and 
manganese  was  noted. 

In  cycle  16  an  excess  of  sodium  chloride  was  added  to  the  saturated 
brine  before  precipitation.  The  lead  seemed  to  be  thrown  down 
more  rapidly  than  in  previous  cycles,  precipitation  being  prac- 
tically complete  in  a  few  minutes. 

In  cycle  17  an  excess  of  sodium  chloride  was  added  to  the  satu- 
rated brine,  but  the  precipitation  was  difficult  and  the  precipitate 
held  sodium  chloride  tenaciously. 
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In  cvcle  21  an  excess  of  sodium  chloride  was  added  to  the  brine 
before  leaching,  and  the  solution  was  evaporated  after  precipitation. 
A  black  scum  separated  during  evaporation,  but  it  contained  no 
lead.  The  salt  crystallizing  out  during  evaporation  contained  no 
lead  and  a  considerable  amount  of  lime  and  of  sulphate  sulphur. 

In  cycle  23  an  excess  of  sodium  chloride  was  used  and,  after  pre- 
cipitation, the  lime  was  added  slowly,  resulting  in  a  high-grade 
precipitate. 

In  cycle  27  enough  calcium  chloride  was  added  to  precipitate  the 
sulphur  in  order  to  determine  whether  it  would  improve  the 
leaching.  The  higher  extraction  in  cycle  28  seems  to  be  the  result 
of  this.  However,  a  lower  grade  of  precipitate  in  cycle  27  was 
caused. 

SUMMARY   OF  RESULTS   OF  TESTS. 

The  results  of  the  tests  shown  in  Table  45  may  be  summarized  as 
follows : 

1 .  Sulphates  did  not  build  up  in  the  solution  to  a  content  of  more 
than  0.6  per  cent  sulphur.  With  higher  contents  calcium  sulphate 
and  sodium  sulphate  often  separated  as  a  scum  or  stayed  behind  in 
the  tailing.  Washing  with  water  to  recover  sodium  chloride  from 
the  tailing  would  remove  the  sodium  sulphate,  which  was  only  slightly 
soluble  in  the  saturated  brine. 

2.  Sulphates  were  not  precipitated  with  the  lead  hydrate  in  suffi- 
cient quantity  to  appreciably  lower  the  lead  tenor  of  the  precipitate. 

3.  Rapid  and  complete  precipitation  was  found  difficult  whenever 
powdered  lime  was  used.  Milk  of  lime  is  recommended,  and  prefer- 
ably it  should  be  made  up  in  a  saturated  brine  solution. 

4.  Precipitation  was  found  to  take  place  as  readily  in  cold  as  in 
hot  solutions. 

5.  Tests  with  phenolphthalein  indicated  that  when  even  an  excess 
of  lime  was  used  for  precipitation  the  saturated  brine  would  dissolve 
only  a  small  proportion  of  the  excess  lime.  Hence  an  excess  of  lime 
merely  dilutes  the  precipitate  and  does  not  injure  the  leaching 
solution. 

6.  The  lead  precipitate  is  readily  freed  of  sodium  chloride  by  wash- 
ing with  cold  water. 

7.  A  lead  hydrate  precipitate  containing  70  to  75  per  cent  lead 
can  be  obtained  by  careful  work. 

8.  Excessive  fouling  of  the  solution  with  sulphates  did  not  occur. 
The  solution  is  known  to  bo  capable  of  holding  12  to  15  grams  of  lead 
per  liter,  but  was  so  proportioned  that  not  more  than  10  grams  per 
liter  were  used,  in  order  that  all  the  lead  in  the  ore  might  be  dissolved. 
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LATER  LEACHING  TESTS  AT  BUNKER  HILL  &   SULLIVAN  PLANT. 

The  results  of  those  two  series  of  cyclic  leaches  indicated  that  t  rouble 
from  fouling  of  the  solution  was  not  Liable  to  be  3erious.  However, 
shortly    afterward    the    experimental    plant    al   the  Bunker  Hill   & 

Sullivan  mill  was  put  into  g 1  conditioD  and  all  leaks  were  stopped  in 

order  thai  the  cyclic  leaching  might  be  tested  on  a  larger  scale. 
The  solutions  immediately  began  to  foul,  and  finally  reached  a  31 
where  they  would  hardly  dissolve  any  lead  from  the  ore.  Then  the 
proposal  to  introduce  calcium  chloride  for  the  removal  of  Bulphates 
was  adopted.  The  lead-dissolving  power  of  the  solutions  immedi- 
ately improved. 

DESCRIPTION   OF   TESTS. 

The  plant  was  shut  down  to  permit  studying  this  problem.  The 
effects  of  increasing  the  proport  ion  of  calcium  chloride  were  tested  in 
various  Leaches,  with  the  result  that  whenever  the  calcium  chloride 
in  the  brine  was  increased  the  extraction  of  lead  fell  off  slightly, 
whereas  the  silver  extraction  suffered  severely.  Hence  it  does  not 
seem  advisable  to  use  any  more  calcium  chloride  than  is  necessary 
to  precipitate  the  sulphate  sulphur  in  the  solution. 

Washing  the  calcines  with  water  before  leaching  with  brine,  to 
determine,  whether  any  of  the  fouling  element-,  such  as  sulphate-, 
could  be  removed  in  this  way,  showed  that  38.4  per  cent  of  the  sul- 
phate sulphur  in  the  ore  was  soluble  and  77.1  per  cent  of  the  manga- 
nese. By  the  use  of  calcium  chloride,  to  prevent  fouling,  60  per  cent 
of  the  total  sulphates  in  the  ore  were  converted  into  insoluble  calcium 
sulphate,  and  at  the  same  time  2S.56  per  cent  of  the  manganese  was 
prevented  from  appearing  in  the  brine  leaches.  By  prewashmg  with 
water  and  using  calcium  chloride  in  the  brine  84  per  cent  of  the 
sulphates  and  98  per  cent  of  the  manganese  failed  to  appear  in  the 
brine  leach. 

To  confirm  these  results  larger  quantities  of  calcines  were  treated 
and  the  conclusions  are  quoted  from  the  report  of  C.  L.  Larson,  who 
was  then  in  charge  of  the  experimental  work  at  the  Bunker  Hill  & 
Sullivan  plant. 

1.  The  use  of  a  water  wash  preliminary  to  brine,  leaching  decreases 
the  sulphate  fouling  52  per  cent  and  the  manganese  fouling  77  per 
cent. 

2.  Zinc  does  not  appear  to  build  up  in  the  solution  to  any  great 
extent,  owing  to  its  complete  precipitation  with  the  lead  by  lime. 

3.  The  belief  that  lead  sulphate  reacts  with  the  sodium  chloride 
in  the  brine  to  form  lead  chloride  and  sodium  sulphate  is  further 
supported  by  the  observation  in  these  series  of  tests  that  the  first 
effluent  from  a  leaching  tank  contains  more  sulphur  than  that  corre- 
sponding to  the  lead  in  solution,  whereas  the  subsequent  runnings  con- 
tain lead  in  excess  of  the  amount  equivalent  to  the  sulphate  sulphur. 
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With  these  points  in  mind,  a  series  of  cyclic  loaches  of  blast-waster 
calcine  was  made  with  neutral  brine  by  Larson  in  the  company's 
laboratory.  Forty  liters  of  saturated  brine  was  prepared  as  a  stock 
solution  and  about  10  pounds  of  ore  per  charge  was  leached  in 
earthenware  jars.  The.  brine  solutions  were  precipitated  with  lime 
and  filtered.  Any  alkalinity  of  the  filtrate  was  neutralized  with 
hydrochloric  acid.  In  the  first  leach  about  4  tons  of  solution  per 
ton  of  ore  were  used,  followed  by  one  or  two  more  brine  leaches, 
and  finally  a  water  wash  to  recover  sodium  chloride  from  the  tailing. 
The  wash  water  from  the  tailing  and  from  the  lead  hydrate  precipitate 
was  evaporated  to  saturation  and  added  to  the  stock  solution.  In 
spite  of  this  precaution  the  amount  of  solution  decreased  markedly 
hi  the  18  cycles,  and  might  well  have  been  replaced  by  new  brine  if 
the  specific  purpose  of  these  tests  had  not  been  to  determine  the 
effect  of  fouling  when  no  new  brine  could  be  introduced. 

The  first  nine  cycles  were  on  material  that  had  received  a  pre- 
liminary washing  with  water  and  did  not  deteriorate  very  fast. 
*  After  that  unwashed  material  was  used  to  make  the  fouling  agents 
build  up  faster.  At  the  completion  of  cycle  17  the  solution  had  so 
deteriorated  that  only  about  8  grams  of  lend  per  liter  could  be  dis- 
solved, hence  the  solution  was  treated  with  calcium  chloride.  The 
chlorine  content  before  treatment  with  calcium  chloride  had  fallen 
to  165  grams  per  liter.  After  precipitation  it  rose  to  182  grams 
per  liter  and  the  solubility  of  lead  in  the  solution  increased  in  about 
the  same  proportion,  as  was  evidenced  by  the  first  runnings  of  the 
next  leach. 

CONCLUSIONS    FROM    RESULTS    OF   TESTS. 

Larson's  conclusions  on  the  cyclic  operations,  are  as  follows: 

1.  Neutral  brine,  used  cyclically,  extracts  about  99  per  cent  of  the 
soluble  lead  formed  in  blast  roasting  (which  is  85  to  99  per  cent  of 
the  lead  in  the  ore)  within  certain  limits  of  f  ouling.  In  other  words, 
with  fouling  taken  care  of,  the  lead  extraction  of  the  neutral  brine 
process  depends  entirely  on  the  sulphating  efficiency  of  the  roasting 
step  of  the  process,  and  it  has  been  shown  that  this  is  85  to  99  per 
cent. 

2.  Xeutral  brine  gives  erratic  results  with  silver.  In  general  the 
only  conclusion  that  can  be  definitely  drawn  is  that  the  better  the 
sulphating  of  the  lead  the  better  is  the  extraction  of  the  silver. 
Acidified  brines  are  more  reliable.  A  high  content  of  calcium 
chloride  in  the  solution  causes  lower  extractions  of  silver. 

3.  Considerable  manganese  was  soluble  in  the  brine  but  did  not 
build  up,  owing  to  complete  precipitation  by  the  lime.  The  manga- 
nese does,  however,  lower  the  grade  of  the  precipitate  markedly. 
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l.  Sulphur  builds  up  steadily  with  the  continued  use  of  the  brine. 
No  maximum  of  sulphate  sulphur  seemed  to  be  reached,  the  highesi 
concentration,  in  cycle  17,  being  I  L.08  grams  per  Liter.  Long  before 
this  amount  was  reached  ii  was  -ecu  that  the  solution  was  deterio- 
rating in  its  ability  for  dissolving  lead.  However,  the  Bulphates 
need  only  be  eliminated  intermittently  and  can  be  eliminated  rery 
well  by  the  use  of  crushed  solid  calcium  chloride.  One  pound  of 
precipitated  calcium  sulphate  is  obtained  by  the  addition  of  every 
pound  of  calcium  chloride.  Lt  is  possible  that  some  of  this  could  be 
sold  for  gypsum. 

5.  The  use  of  a  preliminary  water  wash  greatly  prolongs  the 
efficienl  life  of  t  he  lixivianl  and  removes  manganese  from  t  be  system, 
resulting  in  a  higher  grade  of  precipitate. 

6.  Practically  complete  precipitation  of  lead  is  obtained  by  the 
use  of  lime.  Manganese  and  zinc  are  also  completely  precipitated. 
The  silver,  however,  is  not  completely  precipitated  and  the  brines 
usually  carried  4  to  6  milligrams  of  silver  per  liter  after  lime  pre- 
cipitation. 

7.  The  precipitate,  if  not  washed,  contained  55  to  60  per  cent  lead 
and  after  washing  with  water,  65  to  70  per  cent  lead. 

8.  Washing  the  precipitate  was  difficult,  owing  to  the  tendency  of 
the  filter  cake  to  crack  quickly.  Repulping  of  precipitate  with  fresh 
water,  followed  by  nitration,  was  found  necessary  in  order  to  remove 
the  sodium  chloride  from  the  cake.  With  the  larger  amounts  of 
precipitate  handled  in  these  tests,  it  was  difficult  to  obtain  a  cake 
containing  less  than  5  per  cent  of  chlorine.  The  rest  of  the  chlorine 
seems  to  be  locked  up  in  a  complex  lime-lead  chloride.  It  was  more 
difficult  to  bring  the  lime  and  solution  into  efficient  contact  in  these 
tests  and  in  the  test  plant,  and  this  may  account  for  the  higher 
amount  of  insoluble  chlorine  in  the  precipitate  as  compared  with  the 
work  performed  at  the  Salt  Lake  City  station. 

9.  Washing  the  tailing  with  water  and  evaporating  the  washings 
in  order  to  recover  sodium  chloride  from  the  tailing  is  feasible,  if  the 
salt  is  worth  the  trouble.  Such  washing  tends,  however,  to  return  to 
the  system  some  of  the  sodium  sulphate  left  in  the  tailing. 

10.  No  advantage  is  apparent  in  conducting  the  operations  at 
temperatures  other  than  the  ordinary  mill  temperature.  Heating  of 
solution  in  a  mill  is  generally  by  introduction  of  exhaust  steam  into 
the  solution, Which  is  undesirable  in  this  process  because  the  solution 
should  always  be  saturated  with  sodium  chloride.  In  this  connection 
it  was  noted  that  in  test  12,  when  the  temperature  dropped  very 
low  over  night,  sodium  sulphate  crystallized  out  of  the  solution. 

Larson's  conclusions  on  fouling  meet  the  authors'  approval 
although  they  doubt  the  advisability  of  using  a  preliminary  water 
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wash  to  remove  soluble  fouling  agents.  The  water  left  in  the  pulp 
will  tend  to  dilute  the  brine  later  applied,  also  as  much  moisture 
must  leave  the  leaching  tanks  as  was  in  the  water-washed  pulp  before 
leaching.  These  conditions  do  not  permit  partial  recovery  of  salt 
by  washing  with  water  after  leaching  with  brine.  Where  the  brine 
is  applied  to  dry  ore  without  washing  with  water,  it  will  be  necessary 
to  add  water  at  the  end  of  the  cycle  to  keep  up  the  volume  of  mill 
solution.  As  it  has  been  definitely  shown  that  the  use  of  calcium 
chloride  is  sufficient  to  prevent  fouling,  and  that  the  chlorine  content 
of  the  solution  must  be  kept  up  near  the  point  corresponding  to 
saturation  with  sodium  chloride,  these  are  the  two  conditions  that 
would  have  to  be  watched  in  large-scale  work.  The  company  is  now 
testing  out  this  and  other  improved  processes.  It  is  to  be  hoped 
that  the  results  of  the  work  will  be  published  at  an  early  date. 

Since  the  time  of  writing  this  bulletin  some  of  the  results  have 
been  described  by  Larson  a  in  an  article  published  in  the  Mining  and 
Scientific  Press. 

As  acidified  brine  must  be  used  in  order  to  get  satisfactory  extrac- 
tions of  the  silver,  and  sulphuric  acid  would  probably  be  the  acid 
used,  on  account  of  its  cheapness,  the  only  disadvantage  would  be 
the  more  frequent  additions  of  calcium  chloride  necessary  in  order 
to  keep  the  resulting  sodium  sulphate  from  building  up  too  fast. 

There  is  considerable,  difficulty  in  getting  good  extractions  of  silver 
from  this  type  of  ore.  Later  experiments  have  led  the  writers  to 
think  that  much  of  the  difficulty  is  due  to  the  reprecipitation  of  silver 
from  the  solution  on  unroasted  zinc  sulphide.  The  lead  is  often 
roasted  completely  to  the  sulphate  or  oxide  form  before  the  zinc  sul- 
phide is  much  affected,  and  when  working  on  complex  sulphides  it 
has  been  found  that  the  unroasted  sphalerite  could  precipitate  large 
amounts  of  silver  from  brine  solutions.  Consequently  the  longer 
the  time  of  contact  of  the  leaching  solution  with  an  ore  containing  a 
small  amount  of  zinc  sulphide,  the  more  silver  will  be  precipitated 
and  the  lower  the  extraction.  On  that  account  a  roaster  that  will 
efficiently  roast  the  sphalerite,  as  well  as  the  galena,  is  desirable. 
Amalgamation,  cyanidation,  hyposulphite  lLxiviation,  leaching  with 
acid  brine,  brine  containing  cupric  chloride,  brine  containing  ferric 
chloride,  and  other  methods  were  tried  in  an  effort  to  extract  silver 
from  badly  roasted  ore.  In  all  tests  it  was  found  difficult  to  get 
extractions  that  would  even  parallel  those  obtained  with  acid  brine 
leaches.  By  roasting  the  ore  properly  and  leaching  with  acid  brine 
it  was  found  that  as  much  as  80  per  cent  of  the  silver  could  be 
extracted,  and  that  usually  the  lead  was  practically  all  converted  to 
the  sulphate  in  these  good  roasts. 

a  Larson,  C  L.,  Hydrometallurgy  of  lead-silver  at  the  Bunker  Hill  smelter:  Min.  and  Sci.  Press, 
Aug.  25,  1917,  pp.  275-279. 
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LEACHING  UNROASTED  GALENA. 

Galena  is  readily  converted  to  the  sulphate  by  roasting,  and  greal 
care  does  not  have  to  be  taken  to  obtain  practically  all  of  the  lead 
in  the  form  of  lead  sulphate.     Seemingly   lead  sulphide  is  the  d 
easily  sulphated  metal  sulphide  ordinarily  met  with. 

Some  leaching  tests  with  acidified  brine  of  unroasted  galena  showed 
that  more  than  one-third  of  almost  any  galena  sample  tested  would 

dissolve  in  acidified  brine  in  two  hours.  Bydrogen  sulphide  was 
generated  by  the  reaction.  Sphalerite  was  practically  unaffected 
under  the  same  conditions.  Even  if  the  roasting  is  improprely  done, 
the  lead,  so  far  as  that  metal  is  concerned,  is  liable  t<>  be  removed 
sueessfnlly  in  spite  of  being  incompletely  oxidized  or  chloridized. 

PRECIPITATION  TESTS. 

Precipitation  of  the  lead  in  solutions  from  the  leaching  of  roasted 
sulphide  ores  of  lead  differs  in  no  respect  from  the  precipitation  of 
lead  in  the  solutions  from  the  leaching  of  oxidized  ores.  Either  pre- 
cipitation with  lime,  resulting  in  a  basic  lead  hydrate,  or  electrical 
precipitation,  yielding  metallic  lead,  may  be  used.  The  latter 
method  would  he  preferable  where  large  amounts  of  soluble  impuri- 
ties, like  zinc  sulphate  and  manganese  sulphate,  tended  to  collect 
in  the  solution,  as  such  impurities  might  contaminate  the  lead  hydrate 
precipitate  obtained  b}r  the  use  of  lime. 

Some  tests  by  Larson  of  the  efficiency  of  lime  in  precipitating  lead 
from  brine  solutions  gave  rather  unexpected  results.  It  was  found 
that  lime  could  be  used  in  proportions  considerably  less  than  those 
theoretically  equivalent  to  the  lead  in  solution,  with  practically  com- 
plete precipitation.  The  lead  is  completely  precipitated  with  as 
little  as  75  per  cent  of  the  theoretical  equivalent  of  lime  and  06  per 
cent  is  precipitated  with  65  per  cent  of  the  theoretical  amount  of 
lime.  The  precipitates  were  washed  with  hot  water  on  a  filter. 
Analysis  showed  considerable  lime  and  chlorine  in  the  precipitate. 
Because  of  the  contamination  of  the  precipitate  with  zinc,  man- 
ganese, calcium  sulphate,  and  other  impurities,  it  was  difficult  to 
calculate  the  composition  of  the  lead  compound  formed  in  pre- 
cipitation. However,  the  uniformly  high  calcium  and  chlorine  con- 
tent of  the  precipitate  lead  the  writers  to  believe  that  a  basic  chlorine 
of  lead,  or  a  basic  double  chloride  or  lead  and  calcium,  is  formed. 

CONCLUSIONS    FROM    RESULTS    OF    TESTS. 

From  the  tests  that  have  been  described  the  following  conclusions 
can  be  drawn : 

1.  Practically  all  of  the  zinc  in  the  solution  is  precipitated  with  the 
lead.  With  the  material  tested  the  precipitate  contained  about  1 
per  cent  zinc. 
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2.  Only  about  one-half  of  the  manganese  was  precipitated  in  the 
tests,  in  which  less  than  the  theoretical  proportion  of  lime  to  lead 

was  used. 

3.  Less  than  70  per  cent  of  the  proportion  of  lime  theoretically 
required  can  be  used,  with  complete  precipitation  of  the  lead. 

4.  Silver  is  not  completely  precipitated  by  lime  and  the  smaller 
the  amount  of  lime  used  relatively  to  the  lead  the  less  complete  will 
be  the  precipitation  of  the  silver  from  the  solution. 

5.  The  greater  the  deficiency  of  lime  below  the  theoretical  require- 
ments the  higher  will  be  the  grade  of  the  "lead  hydrate"  precipitate. 

6.  The  CaO  balance  sheets  (not  given  herein)  for  the  tests  show 
that  some  calcium  chloride  was  produced  during  precipitation. 
About  one-half  to  one-third  of  the  calcium  applied  in  the  form  of 
hydrate  reappeared  in  the  neutral  precipitated  solution  as  chloride 
and  sulphate. 

Purification  of  the  solution,  to  improve  the  grade  of  lead  precipi- 
tate formed,  was  not  found  necessary  in  most  of  the  tests,  except 
for  the  addition  of  calcium  chloride  to  precipitate  the  sulphates. 
The  use  of  ground  limestone  to  remove  iron,  alumina,  and  other 
substances  was  not  tested  on  solutions  from  sulphide  ores,  as  that 
feature  was  not  developed  until  after  the  tests  were  finished.  Opera- 
ation  of  the  Bunker  Hill  &  Sullivan  semicommercial  plant  revealed 
that  it  was  difficult  to  wash  the  lead  precipitate  efficiently  in  large- 
scale  practice.  For  that  reason  the  precipitation  of  lead  by  elec- 
trolysis was  tested  in  a  tank  capable  of  holding  5  tons  of  solu- 
tion. The  lead  sponge  obtained  was  so  easily  melted  into  lead 
bullion  that  no  further  attempt  to  purify  the  solutions  was  made. 
It  is  believed,  however,  that  the  use  of  crushed  limestone  would  go 
far  to  mitigate  the  difficulty  of  making  a  high-grade  lead-hydrate 
precipitate  in  a  commercial  plant,  in  the  same  way  that  it  improved 
conditions  in  the  small  scale  tests  at  the  Salt  Lake  City  station. 

Silver  precipitates  so  well  on  scrap  iron  that  precipitation  of  the 
silver  on  scrap  iron,  followed  by  electrolytic  precipitation  of  the 
lead  is  preferable,  because  the  j)urity  of  the  lead-sponge  precipitate 
is  little  affected  by  the  iron  in  solution.  This  method  allows  the 
preparation  of  desilvered  lead  direct. 

CONCLUSIONS   FROM  TESTS    OF    SIMPLE    SULPHIDE    ORES. 

In  summing  up  the  results  of  the  tests  of  simple  sulphide  ores  of 
lead,  the  following  may  be  said: 

1.  If  simple  sulphide  ores  of  lead  are  given  a  chloridizing  roast 
at  temperatures  of  not  more  than  100°  C,  in  either  a  reverberatory 
roasting  furnace  or  in  blast  roasters  of  any  type,  practically  all  of 
the  lead  sulphide  is  converted  into  lead  sulphate  and  part  of  the 
silver  associated  with  the  lead  is  cldoridized. 
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2.  The   sulphated-lead  compounds  and  the  ohloridized  silver  can 

be  dissolved  from  the  roasted  material  by  Leaching  with  an  acidified 

saturated  solution  of  sodium  chloride.     Acidification  of  the  brine  is 

oecessary  in  order  to  convert  any  oxide  of  lead  to  a  soluble  form; 

much  bel  ter  extractions  of  silver  result. 

A.  Tin'  lead  and  the  silver  may  be  precipitated  as  metals  h\ 
electrolysis,  or  as  hydrates  (or  other  compounds)  by  the  addition  of 
lime.  If  lime  is  used,  a  precipitate  containing  60  to  SO  per  cent  of 
load,  depending  on  the  impurities  present  and  the  conditions  of 
precipitation,  is  formed. 

•t.  The  brine,  after  precipitation  of  the  lead  and  the  silver,  can  he 
used  lor  further  leaching. 

5.  The  costs  of  the  proposed  process  have  already  been  discussed 
under  the  heading  of  "Oxidized  ores"  (p.  109).  It  seems  probable  that 
in  treating  simple  sulphide  ores  by  this  process  the  co^ts  will  approx- 
imate about  $2.50  per  ton  of  ore.  This  process  should  he  a  serious 
competitor  of  concentration  followed  by  shipment  of  concentrate 
to  a  lead  smelter,  because  the  recovery  of  metal  i>  high,  and  metallic 
desilverized  load  can  he  made,  which  Lessens  transportation  ci 

COMPLEX    SULPHIDES    CONTAINING    LEAD.a 

Various  combinations  of  sulphides  of  metals  have  come  to  be 
designated  as  ••complex  sulphides."  Ordinarily  this  term  is  applied 
to  mixtures  of  zinc  and  lead  sulphides.  It  is  also  applied  to  mix- 
tures of  zinc.  lead,  and  iron  sulphides.  In  some  localities  are  found 
mixtures  of  zinc.  lead,  iron,  and  copper  sulphides,  often  accompanied 
by  gold  and  silver,  and  these  are  also  called  complex.  Mixtures  of 
galena  and  pyrite  are  not  often  called  complex,  because  in  lead 
smelting  the  iron  enters  the  slag  and  causes  little  trouble  beyond 
lowering  the  lead  assay  of  the  ore. 

As  mentioned  later  in  this  report,  the  metallurgical  treatment  of 
the  latter  ores  depends  upon  the  separation  of  the  lead,  iron,  and 
copper  from  the  zinc  minerals,  as  zinc  is  a  source  of  loss  in  both 
lead  and  copper  smelters.  Lead,  iron,  and  copper  minerals  in 
admixture  can  be  smelted  in  the  lead  blast  furnace  by  leaving  enough 
sulphur  in  the  roasted  ore  to  form  some  leady  copper  matte.  The 
gold  and  the  silver  distribute  themselves  between  the  matte  and 
the  metallic  lead  formed  in  the  furnace,  and  any  zinc  goes  either 
into  the  slag  or  into  the  flue  dust.  Lead  in  a  zinc  ore  is  usually 
penalized  and  is  not  only  often  left  in  the  residues  thrown  out  from 
the  zinc  smelter,  but  the  spelter  from  such  an  ore  is  of  lower  grade. 
Rather  heavy  charges  are  exacted  by  the  lead  smelters  for  treating 
the  residue  from  zinc  smelters. 


"Experimenter,  M.irvin  J.  0"dy. 
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LEADY    ZINC    ORES   AND    CONCENTRATES. 

To  the.  treatment  of  zinc  ores  or  concentrates  now  being  sent  to 
the  smelters  and  which  still  carry  considerable  amounts  of  lead, 
ehloridizing  blast  roasting  followed  by  brine  leaching  was  deemed 
especially  applicable.  Table  46  shows  the  analyses  of  a  number  of 
complex  sulphide  products,  mostly  zinc  concentrates  containing 
lead  not  ordinarily  capable  of  removal  by  ordinary  ore-dressing 
methods.  In  fact,  most  of  these  products  have  resulted  from  the  best 
ore-dressing  methods  that  can  be  economically  applied  to  such  ores. 
For  comparison  the  average  of  3,800  lots  of  ore  from  the  Joplin  zinc 
mills  is  given  in  an  analysis  by  Waring.0  The  Joplin  zinc  ores  are 
'"free"  milling  and  most  of  the  lead  can  be  recovered  by  gravity 
methods  of  ore  dressing,  although  occasional  lots  of  Joplin  zinc  ore 
carry  percentages  of  lead  much  higher  than  0.7  per  cent,  the  content 
shown  in  the  average  analysis  given.  In  the  other  zinc  concentrates 
from  various  localities  the  lead  content  varied  from  1.53  to  12.85  per 
cent.  If  the  shipper  of  the  ore  wishes  to  send  the  residue  to  a  lead 
smelter  after  the  zinc  has  been  removed  in  the  zinc  smelter,  the  lead 
smelter  will  pay  for  only  60  per  cent  of  the  lead  and  silver  in  the 
material  and  at  prices  considerably  below  the  usual  market  price. 
The  losses,  freight,  and  smelting  charges  on  such  material  average 
$8  to  S 10  per  ton  and  consequently  it  rarely  pays  to  resmelt  leady  zinc 
ore.  Usually  such  an  ore  will  be  sent  to  the  pigment  plants,  which 
make  a  mixed  zinc-lead  pigment  and  buy  the  ore  on  the  combined 
zinc  and  lead  content.  It  is  a  common  practice  to  see  zinc  concentrate 
or  ore  containing  5  to  8  per  cent  lead  sent  to  the  zinc  smelter  for  its 
zinc  content  alone. 

a  Waring.  G.  W.,  Zinc  ores  of  the  Joplin  district,  their  composition,  character,  and  variation:  Bull. 
Am.  Inst.  Min.  Eng.,  Sept.,  1917,  pp.  1257-1206. 
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TESTS   OF   ZINC    CONCENTRATES. 

In  applying  the  method  of  chloridizing  roasting  followed  by  brine 
leaching,  several  types  of  zinc  concentrate  were  tested.  One  was 
finely  divided  notation  concentrate  and  the  other  was  coarser  table 
concentrate,  in  order  that  the  efTect  of  size  of  particles  on  the  roasting 
might  be  observed.  For  better  comparison  flotation  concentrate  and 
table  concentrate  from  the  same  mill  (Mary  Murphy  mine,  Romley, 
Colo.)  were  used.    Their  analyses  were  as  follows: 

Results  of  analysis  of  table  concentrate  and  flotation  concentrate. 


Insoluble peTn 

Iron f0-- 

Zinc go— 

Lead :::::::::::::::::::::::::::do::: 

Silver1" "'.'.'.'.'.'.'."'.'.'. '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'."" ounces  per  ton. 

G^id.::::"/."."'".'-'-'--"---" WeYrent' 

Sulphur Per  cent  • 


Mixed 
flotation 

concen- 
trate. 


14.6 
2.82 

39.5 

11.7 
2.12 

10.  2.5 
.15 

22.35 


Electro- 
static 
feed. 


7.50 
11.0 
31.28 
11.6 
1.14 
(a) 

C) 
29.75 


a  Undetermined. 


These  materials  were  roasted  on  the  down-draft  roaster  invented 
by  Christensen,  and  described  on  page  68.  It  is  fully  the  equivalent 
of  a  Dwight-Iioyd  sintering  machine  in  its  action  and  the  same  oper- 
ation could  be  performed  in  such  a  machine.  Mixtures  containing 
various  amounts  of  salt,  moisture,  fuel,  etc.,  were  tested.  The  suc- 
tion was  high  on  some  and  low  on  others.  Usually  the  ore  would 
burn,  after  ignition,  with  no  addition  of  fuel,  but  in  some  tests  pow- 
dered coal  was  added  to  give  higher  roasting  temperatures.  The 
increase  of  the  draft  on  the  ore  also  gave  higher  temperatures. 
Usually  the  object  was  to  run  the  roast  at  such  a  temperature  that 
the  material  would  not  be  sintered,  although  a  number  of  tests  to 
determine  the  effect  of  temperatures  above  the  sintering  point  were 
attempted.  The  change  in  weight  in  the  charge  was  observed.  The 
weight  of  lead  in  the  calcine  subtracted  from  the  weight  of  lead  in 
the  heading  gave  the  amount  of  lead  volatilized  as  chloride,  sulphate, 
etc.  A  100-gram  sample  of  the  calcine  was  then  leached  with  neutral 
brine  and  another  100  grams  with  acidified  brine  in  order  to  compare 
the  effects  of  neutral  and  acid  solutions  in  removing  lead  sulphate 
or  chloride  and  in  converting  oxidized  lead  compounds  to  one  of 
these  forms.  Any  silver  chloride  formed  in  roasting  would  also  sup- 
posedly be  leached,  together  with  some  copper. 

The  mixed  flotation  concentrate  was  used  for  the  tests  of  flotation 
material  in  order  to  determine  what  could  be  done  in  treatment  of 
such  a  mixture,  which  is  usually  tabled  in  order  to  form  a  lead  con- 
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centrate  and  a  zinc  concentrate,  with  more  nr  Less  imperfecl  separa- 
tion. Likewise,  the  electrostatic  teed  consisted  of  the  mixed  zinc- 
iron  concentrates  from  the  \Villle\  tables  of  the  mill,  and  invariably 
contained  considerable  Lead  sulpiride  as  well.  These  conditions  are 
similar  to  those  in  practically  all  mills  treating  mixed  sulphide  ores. 
Electrostatic  separation  is  more  or  Less  costly  and  aever  perfect. 
Hence  it  was  thought  besl  to  attempt  to  recover  the  Lead  from  the 
electrostatic  feed  instead  of  from  the  zinc  concentrate  made  in  the 
electrostatic  machine.  1  Lowever,  two  roasts  of  electrostatic  zinc  con- 
centrate were  made  m  order  to  sec  how  much  lead  could  be  removed 
by  the  chloridizing  method  after  the  electrostatic  concentrator  had 
done  the  best  work  possible  for  it  to  do. 

RESULTS   Ol     ii 

The  data  on  the  roasting  and  leaching  arc  contained   in  Tables 

47  to  58. 

Tables  47  and  53,  containing  the  roasting  data,  give  the  weighl  of 
material  used  in  the  roast  and  the  weight  of  the  resulting  calcine. 

The  proportions  of  salt,  water,  and  coal  added  to  the  material  in 
making  up  the  roasting  charge  are  expressed  as  percentages  of  the 
weight  of  material  to  which  they  were  added.  The  suction  applied 
to  the  charge  on  the  down-draft  roaster  is  expressed  in  inches  of 
water-gage. 

Tables  4S  and  54  contain  the  data  from  which  was  calculated  the 
amount  of  each  metal  that  volatilized.  From  the  analyses  of  the 
headings  and  calcines  and  from  their  respective  weights  it  is  possible 
to  calculate  the  weight  of  each  metal  in  these  products  and  from  the 
loss  to  calculate  the  weight  of  metal  volatilized.  The  volatilization 
is  expressed  in  percentage  of  the  total  metal  content. 

Tables  49  and  55  contain  the  leaching  data  on  the  lead  in  the  mate- 
rial for  each  test.  On  each  calcine  two  leaches  were  made,  one  with 
neutral  saturated  brine  and  the  other  with  acidified  saturated  brine. 
The  first  column  in  the  table  shows  the  number  of  the  roast  and  the 
second  column  the  number  of  the  leach.  The  odd-numbered  leaches 
were  with  acidified  brine  and  the  even-numbered  leaches  with  neutral 
brine.  The  weight  of  calcine  used  in  leaching  is  shown  in  the  third 
column,  and  the  percentage  of  lead  in  the  fourth.  The  fifth  shows 
the  percentage  of  acid  in  the  leaching  solution,  the  sixth,  the  volume 
of  solution,  and  the  seventh,  the  percentage  of  lead  in  the  Leaching 
solution  after  leaching.  The  eighth  column  shows  the  number  of 
grams  of  lead  leached  out  of  the  material.  From  these  data  are  calcu- 
lated the  percentage  extraction  of  the  lead  from  the  calcines,  shown 
in  the  ninth  column,  and  also  the  percentage  of  the  total  lead  leached 
referred  to  the  original  ore,  shown  in  the  tenth  column.    Column  11 
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shows  the  weight  of  the  tailing,  column  12  the  percentage  of  lead, 
and  column  13  the  weight  of  lead  contained  in  the  tailing.  From 
those  latter  analyses  it  is  possible  to  again  calculate  the  percentage 
of  extraction  of  lead  referred  to  the  calcine  leached,  and  also  referred 
to  the  origial  material,  as  shown  in  columns  14  and  15.  The  extrac- 
tions calculated  from  the  analyses  of  the  solutions  should  agree  with 
the  extractions  calculated  from  the  analyses  of  the  tailings  and  should 
furnish  a  check  on  the  work.  In  practice,  however,  it  is  found  that 
measurements  on  the  solutions  are  less  accurate  than  those  on  the 
tailing  and  the  percentage  of  extraction  calculated  from  the  tailing 
analyses  are  the  ones  accepted  as  most  reliable. 

The  zinc  tables  (Nos.  50  and  56)  and  the  copper  tables  (Nos.  51 
and  57)  are  calculated  in  the  same  way  as  were  the  lead  tables. 

Tables  52  and  58,  containing  the  extraction  summary,  show  the 
number  of  the  roast,  the  number  of  the  leach  following  the  roast, 
and  whether  the  leach  was  acid  or  neutral.  The  percentage  of  the 
total  lead  volatilized,  the  percentage  of  the  total  lead  leached,  and 
the  sum  of  these  two  or  the  percentage  extraction  are  shown.  Simi- 
lar data  for  zinc  and  copper  are  given.  The  lead,  zinc,  and  copper 
tables  contain  the  analyses  and  the  weights  of  the  various  products, 
hence  these  data  need  not  appear  in  the  summary. 

Table  47. — Data  on  roasting  for  tests  of  mixed  flotation  concentrate. 


Roast 
No. 

Weight 

of  ma- 
terial 
taken. 

Weight 
of  cal- 
cine. 

NaCI 
used. 

Water 
used. 

Coal. 

Draft 

suction, 

inches  of 

water. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

Ounces. 
48 

48 
43 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 

Ounces. 
46 
47 
48 
50 
48 
48 
43 
46 
45 
51 
47 
48 
51 

Per  cent. 

6 
10 

6 
10 

6 
10 

6 
10 
10 
20 

7 

Per  cent. 
10. 0 
10.0 
10.0 
10.0 
10.0 
10.0 
11.6 
10.0 

9.7 
10.0 
10.0 
10.0 

8.9 

Per  cent. 

2.0 
2.0 

.25 

.5 
1.0 
2.5 

.5 
2.0 
2.5 
7.5 
3.0 

.5 
1.0 

2 
5 

2 
2 

(a) 

a  10  per  cent  pyrite  added. 

Note.— Boasts  11,  12,  and  13  were  mixed  in  a  laboratory  ball  mill  with  saturated  brine,  drained,  and 
dried  to  about  10  per  cent  moisture  content. 
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Table  51. — Data  on  copper  extraction  in  tests  of  mixed  flotation  concentrate. 


Leach 

Xo. 

Sul- 
phuric 
acid 

content 

of 
solution, 
percent. 

Calcine. 

Tailing. 

Percentage  of 

•Weight, 
grams. 

Copper  content. 

extraction  by- 
tailing  assay. 

Koast  No. 

Weighl . 

grams. 

Copper 
contflht, 

percent. 

Per  cent. 

Grams. 

From 
calcine. 

From 
original 
material. 

1   

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

0.5 
0.5 
0.5 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

1.37 
1.37 
1.4S 
1.4s 
1.37 
1.37 
1.37 
1.37 
1.53 
1.53 
1.52 
1.52 
1.61 
1.61 
1.61 
1.60 
1.66 
1.66 
1.32 
1.32 
.95 
.95 
1.40 
1.40 
1.06 
1.06 

88 
88 
83 
89 
83 
88 
83 
87 
80 
87 
80 
84 
83 
•89 
80 
83 
80 
89 
81 
79 
81 
82 
84 
87 
85 
88 

1.59 
1. 59 
1.70 
1.69 
l.  18 
1.48 
1.59 
1.48 
1.77 
1.58 
1.05 
1.82 
1.95 
1.82 
2.00 
1.94 
1.82 
1.  85 
1.62 
1.65 
.81 
.82 
1.58 
1.62 
1.  32 

1.40 
1.40 

1.41 

1.50 
1.21 
1.31 
1.32 
1.25 
1.42 
1.  37 
.84 
1.53 
1.62 
1.62 
1.60 
1.61 
1.  45 
1.65 
1.31 
1.30 
.66 
.67 
1.32 
1.41 
1.12 

(") 

CM 

4.74 

(a) 

11.75 
4.37 
3.65 
9.75 
7.75 

10.40 

44.60 

(a) 

(a) 

(a) 

(") 

(«) 

12.  65 

(a) 

(«) 

(a) 

30. 60 
29.50 
5.72 
(a) 
(a) 
(°) 

(«) 
4.42 

1 

2 

2 

(°) 
10.35 

3 

0.5 

3 

3.  86 

4 

0.5 

3.34 

4 

8.00 

5 

0.5 

7.65 

5 

10. 35 

6 

0.5 

100 
100 

43. 60 

6 

(a) 

(«) 
(a) 

7 

0.5 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

7 

v 

0.5 

8 

(a) 
12.60 

9 

0.5 

9 

(a) 
(a) 

18.25 

10 

0.5 

10 

11 

0.5 

11 

17.60 

12 

0.5 

100 
100 
100 
100 

5.49 

12 

(°) 

(") 

13 

0.5 

13 

1.21  1 

o  Not  analyzed  for  copper  content. 
Table  52. — Summary  of  data  on  extraction  of  metals  in  tests  of  mixed  flotation  concentrate. 


Leach 
Xo. 

Sul- 
phuric 
acid 
content 
of  solu- 
tion. 

Lead  extraction. 

Zinc  extraction. 

Copper  extraction. 

Roast  Xo. 

Vola- 
tilized. 

Leach- 
ed. 

Total. 

Vola- 
tilized. 

Leach- 
ed. 

Total. 

Vola- 
tilized. 

Leach- 
ed. 

Total. 

1 

PlTCl. 

1 

2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
21 
25 
26 

Per  ct. 

0.5 

0.5 
0.5 
0.5 
0.5 
0.5 
0.  5 
0.5 
0.  5 
0.5 
0.5 
0.5 
0.5 

Pit  ct. 
36.  00 
36.00 
62. 50 
62.  50 
21.20 
21.20 
38.  50 
38. 50 
51.  70 
51.  70 
Is.  90 
18.90 
33.  70 
33. 70 
76.50 
76.  50 
23.30 
23. 30 
34.80 
34.80 
74.  50 
74.50 
92.00 
92.00 
74. 50 
74.50 

Per  ct. 

19.  65 

9.  50 

11.27 

6.48 

19.00 

14.00 

28. 45 

25. 00 

19.30 

15.02 

22.  44 

17.39 

34.  45 

5.53 

8.12 

2.74 

16.85 

11.26 

13.17 

13. 55 

10. 65 

9.  25 

'.i.  15 

8.70 

'.1.  40 
12.10 

Per  ct. 
55. 65 
45.50 
73.  77 
69.98 
40.20 
34.20 
66. 95 
63.  50 
71.00 
66.72 
41.34 
36.29 
lis.  If, 
39.23 
84.62 
79.24 
40.15 
34.56 
47.07 
4  s.:',.-, 
85. 15 
85.00 
101.  1" 
100.  70 
85.  17 
81.65 

/'•  r  ct. 
5  65 
5.65 
3.58 
3.58 
4.12 
4.12 

.68 

.68 

8.85 

8.85 

.42 

.42 

3.58 

3.58 

.017 
.  017 

Per  ct. 
8.90 
5.20 
8.55 
2.42 

10.26 
6.51 

14. 39 
9.57 

13.87 
8.56 

14.  25 

11.23 

10.17 
3.56 
6.71 
3.11 

13.72 
5.  15 
9.22 
7.56 
6.16 
4.  59 
9.35 
3.66 
8.11 
3.16 

Per  ct. 

14.55 

10.85 

11.76 

6.00 

14.38 

10. 63 

14.30 

9.57 

13.87 

8.56 

14.92 

11.91 

19.02 

12.41 

6.71 

3.11 

15.34 

5.57 

12.80 

11.14 

6.16 

4.  59 

9.35 

3.66 

s.  13 

3.18 

Per  ct. 

15.  65 

15.  65 

6.95 

6.95 

11.50 

11.  50 

8.30 

8.30 

1.61 

1.61 

2.28 

2.28 

7.45 

7.45 

.93 

.93 

.26 

.26 

9.75 

9.75 

40.40 

40.40 

4.24 

4.25 

28.60 

28.60 

Per  ct. 

4.42 

10.35 
3.86 
3.34 
8.00 
7.65 
10.  35 
43.60 

12.60 

"18.' 25" 

17.60 

5.  V.I 

Per  ct. 
15.65 

1 

15.65 

2 

11.37 

2 

6.95 

3 

21.85 

3 

15.36 

4 

11.64 

4 

16.30 

5 

9.26 

5 

11.96 

6 

45.88 

6 

2.28 

7 

7.45 

7 

7.45 

8 

.93 

8 

.93 

9 

12.86 

9 

.26 

10 

9.75 

10 

9.75 

11 

58. 65 

11 

58.00 

12 

9.74 

12 

4.25 

13... 

2K  liO 

13 

2S.60 
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Tabi  la  on  roasting  for  tt  ,  feed  'rut* 

[Materials  used:    No,    i.  mixed  Dotation  • 


Weigh!  Weight 

Drafl 

Roost 

of  ma- 

of Oal- 

NaCl 

Water 

Rem 

No. 

teria] 

cine 

used. 

used. 

water. 

Ounce*. 

Per  et. 

Inch  i. 

1 

a 

ii 

7 

No.  2  materia] 

43 

7 

1.0 

3 

18 

II 

in 

6.  6 

ho. 

4 

IS 

IS 

10 

1.0 

l>  .. 

5 

is 

6 

7 

f  No.  l  mati  i      ■ 

!>> 

II 

7 

1.0 

lalused. 

7 

IS 

10 

1.0 

32  ouni                                 and  16  ovu  i 
bonate  ore 

8 

4S 

Is 

10 

6.  6 

Do. 

g 

40 

13 

10 

8 

.5 

16  ounces  of  No.  2, 16  ounces  of  No.  l,and8oir 

• 

ore  used. 

10 

Is 

41 

10 

. 

36  ounces  of  coarsely  ground  No.  2  material  and  12 

i.2  materl  il  finely  ground  in  :■  ill  mill. 

a 

48 

16 

10 

6.6 

3.5 

Salt  and  No.  2  material  ground  in  ball  mill  to  j 
mesh  before  roasting. 

12 

48 

46 

10 

1.5 

13 

32 

31 

10 

1.0 

Suit  and  No.  2  material  ground  in  ball  mill.    Thinly 

It 

is 

4''. 

10 

6.  6 

1.5 

Salt  ai   1                                 round  in  1  ph.11  mill. 

15   . 

32 

Us 

10 

1.0 

Do. 
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Table  57.     Data  on  copper  extraction  in  leach  viatic  feed  and  cc 


Leach 
No. 

Calcine.. 

Bui- 

exti  . 
tiii  - 

■  No. 

Copper 
content, 
percent. 

Copper 

• 

1 

l 

2 

3 

•1 

S 

('. 

7 

8 

9 

10 

11 

12 

13 

14 

i:» 
ic> 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

100 
100 
100 
100 
100 

UK) 

L00 
LOO 
100 
LOO 
LOO 
LOO 
100 

1.70 

1.70 
1.70 
1.70 
1.  10 

1.  16 
L.66 
L.66 

1.7.', 
I.7.", 

l.:-, 

1.7:, 

i  ns 

0.5 

84 

^7 
81 

78 

82 
74 

81 
86 

78 
92 
75 
77 
74 
77 
76 
81 
74 
75 
79 
81 

1.85 

1.95 
1.85 
1.75 
2.05 
1.95 
. 

L95 

L.08 
1.01 

l.o:, 
L.53 
L.55 
L.90 

1.83 

1.-.; 

2.02 

-     - 
2.02 

1.68 
L.(  i 
L.61 
1.70 
L.50 

1.60 

1.60 
1.60 

1.  II 

.771 

.79 

. 
1.  15 
1.20 
1.41 
l.  18 
1.39 

1.   In 

1.49 
1.52 
1.59 
1  fi.1 

1.17 

l 

1.  17 

a 

2 

3 

0.5 

3 

1 

8.  10 

17.70 
12.00 

1.  12 
24.80 

7.  '.HI 

A 

5 

0.5 

5 

8.60 

6 

0.5 

6 

17.  70 

10.65 

7.  Ml 

7 

0.5 

"o'.'s 

7 



8 

100          l.o:, 
100           l.o:, 
loo          l.o:, 

ioo        i.u 

g 

0.5 

9 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

1.14 
1. 62 
1.62 
1.  »V4 
1.01 
1.63 
1.63 
1.64 
1.64 

10 

0.5 

13.00 
15.20 

7.  7T, 

6.75 
3. 05 

10 

7.71 

11 

0.5 

11 

12 

0.5 

n 

13 

0.5 

13 

14 

Tabi  i    53.  -Summary  of  data  on  extraction  of  metals  in  testa  of  electrostatic  feed 

a  til  rati  . 


Leach 
No. 

Sul- 
phuric 
acid 
con- 
tent of 
solu- 
tion. 

Lead  extraction. 

Zinc  extraction. 

Copper  extraction. 

Roast 

Vola- 
tilized. 

Leached 

Total. 

Vola- 
tilized. 

Leached. 

Total. 

Vola- 
tilized. 

Leached. 

Total. 

1 

1 

2 

2 

l 
2 
3 
4 
5 
o 
7 
s 
9 
10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Pirct. 
0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Per  ct. 

59.70 
47.40 
47.40 

77.  .Mi 

75.00 
75.00 

41.00 
41.00 
70.40 
70.40 

74.20 
58.40 
5\  40 
29.60 
29.60 
64.50 
64.50 
60.20 
60.20 
69.40 
69.40 
49.20 
49.20 
82.00 
82.00 
76.70 
76.70 

Per  ct. 
10.77 
11.63 
19.40 
15.47 
6.07 
4.36 
7.50 
14.  10 

19.  & 

18.12 
16.37 
13.  72 

16.50 

10.  55 
36.00 
27.  30 
24.04 
14.35 
13.15 

7.  In 

1Z82 

17.05 

11.  70 
9.98 
5.59 
6.67 

22.60 
14.80 

Per  ct. 

70.47 
71.33 

66.80 

■ 

•     - 
32 
89.10 

60.  43 
88.  52 

65.60 

: 

78.  35 
67.3s 
82.22 
86.45 
60.90 
50.18 

99.30 
91.50 

Per  ct. 

Pact. 
8.14 
13.  78 
12.  56 
9.01 

P<rct. 
8.14 

13.  78 
12.56 

9.  td 

3.79 
11.17 
12.  10 
18.  75 

15.  35 
16.40 

6.17 
16.60 

8.74 
25.15 

14.  10 
- 

is.  37 

16.  76 

10.03 
5.56 
3.96 

■ 
4.60 
4.45 
6.54 
5.39 

Perct. 

1.  ss 

L88 
18.85 

8.60 

.39 

.39 

2.39 

Per  ct. 

1.17 
3.53 
5.20 

Ptrc. 
1.17 
3.53 

I.  vs 

3 

3 

7. 86 

3. 79 



4 

4 

5 

5 

6 

6 

7 

7 

8 

S 

9 

7.35 
6.71 
6.71 
3.50 
3.50 

2.44 
4.47 
4.47 

11.17 

12.40 

Is  7.", 
9.58 

Is.  20 

16.40 
0.17 
16.60 
s.  71 
25.  15 
14.40 
17.  57 
11.02 
10.05 
3.30 
6.53 
2.06 
3.96 
1.81 
2.  15 
2.01 
2.07 
.92 

3.  62 

■ 

8.60 
8.60 
17.70 
12.00 
2 

10.  65 
23.70 

- 
• 

17.70 

. 
30.  22 
16.  17 

- 

2.39 

9 

2.39 

2.39 

10 

10 

11 

11 

12 

12 

13 

13 

10.75 
10.75 

11.60 
7.70 

15.20 
9.75 
8.60 
6.  75 
3.95 

22.35 

1  s  1 ". 

15.20 
9.75 
8.60 
6.75 
3.95 

14 

14 

15 

15 

(fl) 

w 

(«) 
(«) 
TO 
TO 

TO 

TO 

a  Copper  not  determined. 
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DISCUSSION    OF    TESTS    WITH    FLOTATION    CONCENTRATE. 

In  the  tests  of  flotation  concentrate,  Table  52  shows  that  the  only 
satisfactory  total  extractions  of  lead  were  in  those  roasts  that  were 
hot  enough  to  cause  considerable  volatilization  of  lead  and  that 
rarely  was  a  high  extraction  of  lead  obtained  by  chloridizing  roasting 
followed  by  leaching  with  neutral  brine  or  acid  brine.  Sublimation 
was  the  only  promising  method,  as  far  as  the  recovery  of  lead  was 
concerned. 

EFFECTS    OF   TEMPERATURE    AND    DRAFT. 

Tests  1  and  2  (Tables  47  to  52)  were  designed  to  be  run  at  a  fairly 
high  temperature,  hence  a  rather  strong  draft  suction  (2  inch  on  the 
water  gage)  was  used.  The  charge  used  in  test  1  contained  6  per  cent 
of  common  salt  and  the  one  used  in  test  2  contained  10  per  cent 
salt  (see  Table  47).  Tests  3  and  4  were  run  to  parallel  the  first  two 
tests,  except  that  the  draft  was  reduced  to  one-half  inch  water  gage 
in  order  that  the  temperatures  might  be  lower.  In  each  pair  of  tests 
the  higher  percentage  of  salt  gave  higher  extractions  of  the  lead,  and 
in  leaching  the  calcine  a  larger  proportion  of  lead  was  dissolved  with 
acid  brine  than  with  neutral  brine.  The  charges  used  in  tests  5 
and  6  contained  some  powdered  coal  in  addition  to  the  natural 
sulphur  content.  The  higher  temperatures  resulting  did  not  seem 
to  give  any  higher  extractions  of  the  lead  than  in  the  previous  tests. 
Hence  test  7  was  run  with  0.5  inch  draft  and  6  per  cent  salt  and 
test  8  with  2  inches  draft  and  10  per  cent  salt,  to  verify  the  former 
tests.  The  results  seemed  to  indicate  that  with  a  high  draft  (high 
temperature)  and  a  large  percentage  of  salt  in  the  charge  more  of  the 
lead  was  volatilized  and  the  total  extraction  was  greater.  There- 
fore, tests  9  and  10  were  run  with  still  larger  proportions  of  salt, 
additional  fuel,  and  high  draft  in  the  roaster,  with  the  expectation 
of  obtaining  more  complete  volatilization  of  the  lead.  However, 
the  results  were  not  so  good  as  in  the  former  tests. 

EFFECTS   FROM   GRINDING   AND   MIXING. 

In  order  to  determine  whether  thorough  mixing  of  the  salt  with 
the  material  might  improve  the  reaction,  in  tests  11,  12,  and  13 
the  material  was  slightly  ground  with  iron  balls  in  a  ball  mill  with  an 
excess  of  saturated  salt  solution,  in  order  to  allow  intimate  mixing 
of  the  salt  and  the  mineral  particles.  The  mixture,  after  being 
drained  dry  enough  to  permit  charging  into  the  roaster,  was  roasted. 
The  excellence  of  the  results  shows  the  importance  of  thorough 
mixing.  The  best  way  of  obtaining  a  high  extraction  of  lead  from 
material  containing  mixed  sulphides  seems  to  be  to  grind  it  fine, 
mix  intimately  with  about  7.5  per  cent  salt,  and  roast  in  a  blast 
roaster  at  such  a  temperature  that  the  lead  chloride  formed  will 
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be  volatilized.     A   fluffj    consistence  of   the  charge  in   the  roi 
permits  a  Lighl  drafl  and  good  extraction 

discission    OP  TESTS   OP    ELECTROSTATIC    SEPARATOK    CONCENTRATES. 

The  results  obtained  in  the  tests  of  material  from  the  electrostatic 
concentrator,  presented  in  Tables  53  to  58,  which  was  coarser  than 
the  flotation  concentrate  used  in  the  previous  tests,  confirm  tl 
conclusions.  Tests  1  and  2,  compared  with  tests  :;  and  I,  Bhov» 
that  the  use  of  K)  per  cenl  NaCl  in  the  charge  gives  higher  extrac- 
t  ions  of  the  lead  than  <*■  per  cent.  The  amount  of  drafl  used  <li<l  not 
seem  (o  make  a  great  deal  of  difference  in  the-.-  tests.  In  test 
and  6  some  of  the  finely  ground  flotation  concentrate  used  in  the 
firsl  series  of  tests  (Tables  47  to  52)  was  mixed  with  the  coarser 
concentrate,  designated  as  No.  2  material,  Table  53,  in  order  to  tesl 
the  effect  of  enough  slimes  being  present  in  (he  charge  to  cause 
balling.  Considering  that  loss  salt  was  used  than  in  tests  3  and  4, 
the  high  extract  ion  in  test  G  shows  that  a  better  roast  was  obtained. 
In  test  5  the  draft  was  too  low  to  give  a  good  roast . 

ADDITION    OF    FINELY    GROUND    MATERIAL. 

In  tests  7  and  8  the  coarse  No.  2  concentrate  was  made  to  ball 
by  adding  some  finely  ground  lead-carbonate  ore.  In  test  8  the 
draft  was  too  low,  but  test  7  showed  a  good  extraction  of  the  lead. 
In  test  9  a  mixture  of  coarse  No.  2  concentrate,  some  flotation  con- 
centrate, and  some  finely  ground  lead  carbonate  ore  was  roasted 
but  the  draft  used  was  too  low. 

FINE    GRINDING   AND   THOROUGH   MIXING. 

Tests  10  to  15  were  made  to  <let ermine  whether  fine  grinding  and 
intimate  mixing  would  improve  the  roast.  In  general  the  results 
show  that  some  benefit  is  derived  from  this  treatment.  As  much  as 
90  per  cent  of  the  lead  can  bo  volatilized  and  leached  from  the 
material.  In  test  11  the  charge  settled  firmly  on  the  grate,  owing 
to  improper  charging,  and  a  high  draft  was  necessary  in  order  to  gel 
any  air  through.  In  this  instance  the  high  draft  does  not  mean  high 
temperature. 

BALLING. 

The  finely  ground  material  could  be  balled  with  water  into  a 
mass  that  would  dry  to  a  fluffy  consistence  during  roasting  in  the 
blast  roaster,  leaving  room  for  an  excellent  penetration  of  the  gases. 
It  is  difficult  to  so  mix  coarse  concentrates  containing  no  slimes 
that  they  will  go  onto  the  roaster  in  such  a  fluffy  mass,  which  permits 
roasting  under  a  low  draft.  A  part  or  the  whole  of  the  coarse  con- 
centrate can  be  ground  finely  to  provide  this  slime.     Grinding  all 
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of  the  charge  in  saturated  brine  in  a  ball  mill  would  insure  thorough 
mixing  with  the  necessary  salt,  but  the  subsequent  filtering  and 
partial  drying  of  the  ground  material  would  be  rather  expensive, 
although  not  excessively  so.  The  better  practice  would  probably 
be  to  use  some  notation  concentrate  to  ball  the  coarser  particles  of 
sulphide  and  apply  the  salt  as  a  saturated  brine. 

RECOVERY    OF   ZINC. 

In  the  later  tests,  in  which  the  salt  was  mixed  with  the  charge 
by  fine  grinding,  very  little  of  the  zinc  in  the  ore  was  either  volatilized 
or  leached,  showing  that  most  of  the  zinc  sulphide  was  unaffected  by 
the  roasting  of  the  lead  compounds.  The  highest  percentage  of  the 
total  zinc  content  volatilized  in  any  of  the  tests  was  7.35  per  cent 
and  the  highest  percentage  leached  was  25.15  per  cent.  The  average 
percentage  of  total  zinc  volatilized  was  less  than  5  per  cent  and 
the  average  amount  leached  was  about  8  per  cent,  hence  the  average 
loss  of  zinc  from  the  concentrate  during  the  removal  of  the  lead 
was  13  per  cent.  Of  course  the  greater  portion  of  this  zinc  would 
later  be  recovered  from  the  fume  and  solutions  in  the  form  of  zinc 
oxide,  so  that  it  need  not  be  lost.  It  is  a  remarkable  fact  that  nearly 
all  the  lead  could  be  volatilized  and  leached  from  a  mixed  sulphide 
ore  without  markedly  affecting  the  sphalerite  in  any  way. 

As  regards  improvement  of  grade  of  the  zinc  sulphide  concentrate 
by  removal  of  the  lead  and  the  partial  roasting  of  the  iron  sulphide, 
it  can  be  seen  that  the  average  zinc  content  in  the  leached  residue 
of  the  first  four  tests  is  40  per  cent,  whereas  the  material  before 
roasting  contained  32.67  per  cent  zinc.  It  so  happens  that  material 
containing  32  per  cent  zinc  is  difficult  to  market  as  zinc  concen- 
trate, whereas  in  many  of  the  contracts  for  the  complex  western 
zinc  sulphide  concentrates  a  40  per  cent  zinc  concentrate  is  used  as 
the  basis  on  which  the  buying  price  is  calculated.  Often  zincsmelteis 
refuse  to  smelt  zinc  sulphide  ore  carrying  less  than  35  per  cent  zinc. 
Therefore,  although  the  resulting  zinc  sulphide  residue  is  not  of 
a  grade  to  compare  with  the  concentrates  from  such  districts  as 
the  Joplin  district,  because  of  the  large  amount  of  iron  pyrite  inter- 
grown  with  the  zinc  sulphide,  this  method  applied  to  the  ore  will 
effect  practically  complete  separation  of  the  lead  and  raise  the 
grade  of  the  zinc  concentrate  from  a  product  of  doubtful  commercial 
value  to  one  which  could  be  easily  sold  and  is  more  desirable  to 
zinc  smelters.  As  the  lead  hi  such  zinc  concentrates  is  usually  not 
paid  for  by  the  zinc  smelter,  such  a  saving  is  of  value  in  conserving 
resources  as  well  as  adding  to  the  possible  profits  of  the  shipper  oi 
the  zinc  concentrates.  Roasts  14  and  15  were  with  zinc  concen- 
trates from  the  electrostatic  separator  in  the  Mary  Murphy  mill, 
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designated  as  No.  3  material  in  the  tables*.  Before  treatment  thi  »e 
concentrates  contained  i*J.<>  per  cent  zinc  and  9.18  pei  cent  lead. 
The  treatment  removed  90  per  cent  <>l  the  lead  and  left  a  residue 
containing  94  per  cent  of  the  zinc  us  a  concentrate  containing  57 
per  cent  zinc.  The  improvement  in  the  grade  oi  this  product  i  ■  even 
more  noticeable. 

RECOVERY   OF   COPPER    AND    SILVER. 

The  extraction  of  the  copper  and  the  silver  from  such  zinc  con- 
centrates is  oi  interest,  as  they  are  lost  along  with  the  Lead  in  ordinary 
methods  of  zinc  smelting,  unless  the  zinc  smelter  residue  is  sent 
to  the  lead  blast  furnaces.  An  inspection  of  the  tables  will  show 
that  in  most  of  the  tests  the  extractions  ef  copper  are  practically 
negligible.  As  much  as  60  per  cent  of  the  silver  could  be  dissolved 
out  by  quick  leaching,  but  on  standing  in  contact  with  the,  zinc 
sulphide  in  the  calcine  from  the  volatilizing  operation  to  recover 
the  lead,  the  brine  would  lose  its  dissolved  silver.  Some  tests  with 
the  above-mentioned  calcines  on  brines  containing  dissolved  copper 
and  silver  chlorides  showed  that  the  calcine  precipitated  all  of 
the  silver  and  copper  in  solution  in  16  hours,  and  about  50  per  cent 
of  the  silver  and  copper  in  20  minutes.  If  the  brine  was  strongly 
acid,  precipitation  was  not  so  rapid  nor  nearly  so  complete.  Roast- 
ing  evidently  changed  the  properties  of  the  material,  as  far  as 
precipitation  of  silver  and  copper  from  brine  solutions  are  con- 
cerned. The  raw  material  did  not  act  like  the  calcine  in  this  respect . 
as  the  precipitation  of  silver  and  of  copper  was  very  small.  Never- 
theless, the  roasted  material  seemed  to  contain  zinc  sulphide  and 
very  little  zinc  oxide.  It  was  susceptible  of  flotation,  yielding  a  dark 
colored  blende  concentrate,  and  acted  in  every  way  like  zinc  sul- 
phide. 

Also,  the  calcine  tended  to  reprecipitate  lead  from  the  brine. 
However,  most  of  the  lead  could  be  recovered  without  much  trouble, 
whereas  the  silver  and  copper  extractions  were  always  low.  The 
action  of  zinc  oxide  on  the  solutions  was  practically  identical  with 
that  of  the  roasted  calcines,  which  were  supposedly  zinc  sulphide. 
Hence  it  does  not  seem  possible  to  make  commercial  extractions  of 
the  silver  and  copper  in  zinc-sulphide  concentrates,  even  when  the 
silver  does  not  accompany  the  zinc  sulphide  in  intimate  crystalli- 
zation. 

LIMITATIONS    OF    THE    METHOD. 

This  latter  fact  shows  that  the  process  is  hardly  all  that  could  be 
desired.  Its  use  insures  recovery  of  the  lead  from  such  materials, 
with  a  considerable  increase  of  the  grade  of  the  zinc  concentrate, 
but  yields  a  low  recovery  of  the  silver  and  copper  that  may  be 


158  INNOVATIONS   IN    METALLURGY   OF  LEAD. 

present.  Copper  is  not  an  uncommon  constituent  of  such  concen- 
trates, although  it  is  not  a  usual  constituent  in  the  bulk  of  the  present 
tonnage  of  leady  zinc  concentrates  being  sent  to  the  zinc  smelters 
from  the  intermountain  regions.  However,  silver  is  usually  present 
in  such  materials  in  proportions  varying  from  small  amounts  to  as 
much  as  20  ounces  per  ton.  Where  the  usual  extraction  of  the  silver 
may  be  as  much  as  25  to  33  per  cent,  it  can  be  seen  that  the  process 
is  not  desirable  for  the  treatment  of  high  silver  ores.  For  the  treat- 
ment of  low  silver  ores  and  for  ores  that  do  not  contain  silver,  this 
method  has  much  to  recommend  it.  For  instance,  the  great  bulk  of 
zinc  concentrates  shipped  from  the  western  mountain  States,  exclud- 
ing those  from  the  Butte  mines,  contain  not  over  3  ounces  per  ton  of 
silver.  Usually  the  lead  content  of  such  concentrates  falls  below 
5  per  cent,  in  the  improved  ore-dressing  practice  of  the  present  time, 
although  considerable  quantities  contain  10  per  cent  or  more  of  lead, 
which  is  a  loss  to  the  companies  shipping  the  zinc  concentrate.  For 
such  conditions  the  process  is  certainly  a  step  in  the  right  direction. 

CONCLUSIONS    AS    TO    EXPERIMENTS    WITH    LEADY    ZINC-SULPHIDE    CON- 
CENTRATES. 

The  treatment  of  leady  zinc-sulphide  concentrates  by  chloridizing 
roasting,  followed  by  brine  leaching,  gives  the  following  results : 

1.  It  is  possible  to  recover  90  per  cent  or  more  of  the  lead  in  such 
concentrates  by  volatilizing  most  of  the  lead  in  a  fairly  hot  roast 
on  a  down-draft  shallow-bed  roaster,  such  as  the  Dwight-Lloyd  or 
the  Knight-Christensen  roaster,  followed  by  a  quick  leach  with 
saturated  brine  acidified  with  sulphuric  acid. 

2.  For  treating  coarse  concentrates  it  is  advisable  to  add  some 
finely  divided  flotation  concentrate  to  the  roaster  charge  in  order  that 
the  mass  may  be  made  to  ball  with  a  small  amount  of  water  and  leave 
the  charge  porous  during  roasting. 

3.  Six  to  ten  per  cent  of  sodium  chloride,  based  on  the  weight  of 
concentrate,  is  necessary  for  good  chloridizing  with  the  average 
concentrate. 

4.  The  draft  necessary  to  roast  a  charge  bedded  1.5  inches  in  less 
than  15  minutes  is  about  1  inch  water  gage. 

5.  The  zinc  sulphide  in  the  charge  is  practically  unaffected  by  the 
combustion  of  the  galena  and  the  pyrite  and  remains  in  the  residue, 
from  leaching.  About  90  to  95  per  cent  of  the  zinc  is  recovered  in 
this  semisintered  residue,  which  contains  a  much  higher  percentage 
of  zinc  than  the  original  concentrate  treated.  Such  material  should 
be  more  acceptable  to  the  zinc  smelter  because  of  the  absence  of  lead 
and  its  higher  grade,  assuming  that  the  chloridizing  treatment  has 
not  injured  its  roasting  properties.     In  roasting  flotation  concentrates 
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(he  semisintering  action  binds  tli«>  small  pari  ides  into  larger  aggre- 
gates, which  should  not  form  so  much  flue  dust  on  roasting  in  the 
zinc  smelter. 

r>.  [f  the  materia]  contains  silver,  usually  a  recovery  of  about  .'!() 
per  cenl  can  In*  expected,  depending  on  the  length  of  time  thai  the 
leaching  solution  is  in  contact  with  the  calcine.  The  calcine  of  zinc 
sulphide  tends  to  reprecipitato  the  silver  from  solution,  the  speed  of 
precipitation  being  dependent,  on  the  acidity  of  the  solution;  hence 
highly  acid  solutions  permit  better  extraction  of  the  silver  than 
weakly  aeid  solutions. 

7.  If  copper  is  present,  only  10  to  15  per  cent  of  that  metal  can  be 
recovered.  The  zinc  sulphide  in  the  residue  reprecipitates  the  copper 
from  solution  on  leaching.  Eence  this  process  is  not  advisable  for 
the  treatment  of  zinc  concentrates  containing  copper  minerals. 

S.  The  costs  of  treating  leady  zinc-sulphide  materials  by  this 
method  would  probably  be  about  the  same  as  those  calculated  for 
oxidized  ores.  The  lead  content,  in  the  average  zinc  concentrate 
should  be  extracted  at  a  complete  metallurgical  cost  of  $2  to  $2.50 
per  ton  of  material.  With  lead  at  4  cents,  the  normal  market 
price,  the  lower  limit  of  profitable  treatment  would  be  material  con- 
taining about  4  to  5  per  cent  lead.  Unless  material  containing  less 
than  4  per  cent  lead  is  subject  to  a  penalty  at  the  zinc  smelter  (as  it 
is  in  the  Joplin  district),  the  bonus  paid  for  the  higher  zinc  content  of 
the  concentrate  would  more  than  balance  the  loss  of  weight  and  of 
zinc  incurred  in  the  process.  It  is  not  probable  that  any  lower  grade 
of  material  could  be  worked  by  this  process. 

LEAD-IRON"    MIDDLINGS    AND    COMPLEX    SULPHIDES.'' 

As  mentioned  earlier  in  this  report,  some  mixtures  of  galena  and 
pyrite  arc  occasionally  regarded  as  being  too  complex  for  separation 
and  not  desirable  for  sliipment  to  the  lead  smelters.  Usually  the 
iron  in  the  concentrates,  after  roasting,  enters  the  slag  in  the  lead 
blast  furnace  by  combining  with  the  silica  hi  the  charge.  Where 
only  high-grade  galena  or  other  lead  products  are  desired,  as  in  the 
smelting  of  ores  for  lead  only,  or  where  the  smelter  is  receiving  a  pre- 
ponderance of  base  ores  over  siliceous  ores,  or  where  the  cost  of  ship- 
ping the  lead-iron  mixture  to  the  smelter  is  too  high,  it  would  be 
desirable  to  remove  this  lead  by  some  cheap,  simple  process.  Hence 
the  attempt  to  apply  chloridizing  roasting  and  leaching  to  this  type 
of  product. 

a  Experimenter:  >[.  J.  I'dy. 
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CHARACTER  OF  MIDDLINGS. 


In  the  disseminated  lead  district  of  southeastern  Missouri  about  50 
to  100  tons  daily  of  a  lead-iron  middling  is  made  in  a  number  of 
mills,  which  average  10  to  15  tons  each  of  this  product.  '  Part  of 
the  lead  can  be  recovered  by  tabling,  but  much  of  it  is  bound  up  in 
a  true  middling,  the  treatment  of  which  has  presented  a  difficult 
problem.  Occasionally  such  middling  will  contain  important 
amounts  of  zinc  and  copper,  as  indicated  by  the  analyses  shown  in 
Table  59  of  five  different  samples  received  from  three  mills  at  dif- 
ferent times.  In  one  mill,  not  represented  in  the  table,  the  mid- 
dling is  receiving  a  combined  magnetic  and  table  treatment  in  the 
attempt  to  make  a  zinc  concentrate  and  also  a  lead  concentrate 
containing  less  iron.  However,  it  has  never  yielded  as  good  results 
as  might  be  desired. 

Table  59. — Analyses  of  lead-iron  middlings  from  mills  in  southeastern  Missouri. 


Sample 
No. 

Source  of  sample. 

Insol- 
uble. 

Fe. 

Zn. 

Pb. 

Cu. 

S. 

1 

Bonne  Terre  mill 

Per  ci  nt. 

1  89 
1.00 
2.72 
2.41 
3.60 

Per  cent. 
27.1 
31.0 
-  7.1 
12.0 
11.6 

Per  cent. 

4.5 

3.0 

9.61 

26.0 

15.0 

Per  cent. 
13.13 
9.2 
41.25 
9.75 
27.75 

Per  cent. 

1.6 

1.43 

None. 

None. 

Per  cent. 

2 

do 

3 

15  1 

4.   . 

.     .do. 

5 

IS.  0 

Also  some  ores  may  be  difficult  to  treat  by  ordinary  ore-dressing 
methods,  owing  to  partial  oxidation  of  the  ore  or  to  intercrystalliza- 
tion  of  the  various  sulphides.  Analyses  of  five  materials  of  this 
type  are  given  in  Table  60.  The  Bingham  Mines  Co.  ore  and  the 
material  from  the  dump  of  North  Star  mine  are  examples  of  partly 
oxidized  materials  that  do  not  give  good  separation  in  gravity  con- 
centration. The  sample  from  the  Bullion  Coalition  mine  is  repre- 
sentative of  a  type  of  ore  so  high  in  iron  sulphide  that  it  is  difficult 
to  obtain  clean  lead  concentrate  and  still  more  difficult  to  obtain 
clean  zinc  concentrate.  The  ore  samples  from  the  Constitution 
and  the  Douglas  mines  represent  truly  complex  microcrystalline 
ores  that  yield  to  no  existing  ore-dressing  method,  except  that  the 
gangue  can  be  partly  removed  by  fine  grinding  and  flotation.  The 
prol)l ems  presented  by  the  materials  whose  anatyses  are  contained 
in  this  table  are  of  exceptional  magnitude.  For  60  years  advances 
have  been  made  in  the  treatment  of  complex  sulphide  ores,  but  a 
satisfactory  method  of  treatment  is  yet  to  be  found.  The  operators 
of  the  electrolytic  zinc  plants  that  are  supposed  to  treat  such  types 
of  ores  have  their  troubles,  and  installation  and  operating  costs  are 
very  high. 
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Table  60.     Analyses  ilphide  materials. 

[Ana  Barrett.] 


Source  o!  material. 

In- 
sol- 
uble. 

Fe. 

\!  o 

Zn. 

'..  12 

en. 

An. 

'  from  Bullion  «  oal- 

ition  mine  <  Utah) 

Materia]    from     Bingham 

Co.  mine  1 1 
Materia]  from  North  star 
mine  (Idaho) 

Peret. 
18.0 

56.3 

3."..  3 

1.1 

7.3 
1.2 

1.7 

Peret. 

li.  t 
9.3 

7  ; 

14.6 

10.3 
4.9 
11.3 

13.  i 

i  :. 
Mil 

.65 

None. 

.01 
.13 

- 

10.8 

21.14 

Material  from  Douglas  mine 
(Idaho) 

30.4 
17.6 

Material  from  Constitution 

None  . 

TESTS   OF   MIDDLINGS   FROM   A   MISSOURI   MILL. 

Eight  chloridizing  roasts  of  lead-iron  middling  from  the  Bonne 
Torre  mill,  in  Missouri,  were  made  on  the  thin-bed  down-draft  roaster 
of  the  Knight-Christensen  type.  The  material,  being  relatively  coarse 
table  middling,  packed  easily.  The  first  three  roasts  settled  onto 
the  grate  so  tightly  during  roasting  that  getting  air  through  the  roast- 
ing mass  was  difficult.  On  that  account  enough  clay  (5  per  a 
was  added  to  the  fourth  roast  to  ball  up  the  charge  when  moistened, 
and  thus  leave  it  in  fluffy  condition  for  roasting.  The  extraction  of 
lead  was  94  per  cent,  as  compared  to  75  per  cent  without  clay.  In 
roast  5  a  high  percentage  of  >alt  and  a  high  blast  pressure,  and  do 
clay,  were  used  with  the  purpose  of  volatilizing  all  of  the  lead  so  that 
leaching  would  not  be  necessary.  Due  to  the  packing  of  the  charge, 
the  results  were  no  better  than  on  the  first  three  roasts.  Roasts  I 
and  8  were  made  with  material  balled  by  adding  the  proper  propor- 
tion of  slime.  This  slime  was  from  oxidized  lead  ore  from  the  I. a 
Motte  mine,  in  southeastern  Missouri.  The  slime,  which  contained 
2.5  per  cent  lead  in  the  form  of  carbonate  and  was  high  in  iron  and 
alumina,  was  of  claylike  consistence.  The  mixture  balled  on  the 
roaster  in  good  condition  for  easy  roasting.  Extractions  of  «.).j  to 
100  per  cent  of  the  lead  were  obtained. 

RESULTS    <>F    'II  - 

The  detailed  data  on  all  the  tests  are  not  given  herein,  but  a  sum- 
mary of  the  results  is  shown  in  Table  61,  following.  Each  charge  was 
roasted  and  the  percentage  of  lead,  zinc,  and  copper  that  volatilized 
was  determined  from  the  weights  and  analyses  of  the  heading  and 
the  calcine.  Two  samples  of  the  calcine  were  then  leached,  one  with 
neutral  saturated  brine  and  the  other  with  acidified  brine,  in  order 
to  recover  any  lead  that  did  not  volatilize  and  to  catch  any  copper 
that  would  dissolve.  The  results  show  that  as  much  as  80  per  cent 
of  the  total  lead  content  can  be  volatilized,  hence  the  quantity  of 
brine  necessary  for  leaching  the  remaining  lead  i>  small.  Abo,  25 
•4°—  IS—  Bull,  ir.7 11 
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SULPHIDE   ORES  OF    LEAD.  1  (',;; 

to  40  per  cenl  of  the  zinc  was  extracted.  V-  this  zinc  is  in  the  solu- 
tion containing  the  lead,  the  problem  of  proper  treatment  of  the 
solution  is  a  serious  one.  Precipitation  of  lead  from  such  solutions 
with  lime  would  cause  the  lead  to  be  accompanied  by  the  zinc.  Elec- 
trolytic precipitation  of  the  lead  from  lead-zinc  solutions  has  been 
tried,  as  described  elsewhere  in  this  report,  with  the  resull  that  the 
lead  was  deposited  as  spOnge  metal  free  from  zinc.  The  sponge  metal 
was  melted  into  bars  of  lead  without  much  difficulty. 

As  much  as  60  per  cent  of  the  copper  was  extracted  in  test  7,  as 
shown  by  the  analyses  of  the  tailing.  The  acid  leaches  always  re- 
moved more  copper  than  the  neutral  leaches,  in  which  it  was  occasion- 
ally possible  to  observe  the  formation  of  a  white  insoluble  compound 
of  copper,  probably  basic  cuprous  chloride. 

No  work  has  been  done  on  the  recovery  of  a  zinc  product  from 
the  middlings  tested,  although  the  experience  of  one  company- pro- 
ducing them  indicates  that  it  can  be  done.  As  tins  company  is  find- 
ing it  possible  to  make  a  zinc  concent, rate  from  similar  material,  it  is 
not  improbable  that  the  roasted,  leached  tailing  could  be  passed 
through  a  magnetic  separator,  or  ground  and  treated  by  flotation  in 
order  to  float  the  zinc  sulphide  from  t  he.  roasted  iron  mineral. 

The  excellent  results  in  extracting  the  lead  when  the  material  was 
balled  with  a  small  amount  of  clay  or  slimes,  and  the  facts  that  the 
process  is  cheap  and  yields  metallic  lead  indicate  that  it  should 
receive  further  attention  by  the  companies  operating  in  the  southeast- 
ern Missouri  district . 

In  roasting  this  material  it  wTas  noticed  that  a  large  amount  of 
elemental  sulphur  distilled  off  ahead  of  tho  roasting  zone  and  con- 
taminated the  lead-chloride  fume  from  the  down-draft  roaster. 
Possibly  the  sulphur  could  be  distilled  or  otherwise,  recovered  from 
this  fume  ami  sold,  thus  lessening  the  cost  of  treatment  by  the 
process.  However,  no  attempt  was  made  to  recover  the  sulphur  in 
the  tests  of  this  material,  because  they  were  made  simultaneouslv 
with  tests  of  many  other  materials.  The  treatment  of  a  mixed  fume 
of  elemental  sulphur  and  lead  chloride  has  not  yet  received  attention 
at  the  Salt  Lake  City  station.  Hence  the  methods  mentioned  in  con- 
nection with  the  oxidized  ores  may  require  changes. 

TESTS  OF  MATERIAL  FROM  BULLION  COALITION  MINE  IN  UTAH. 

As  regards  mixed-sulphide  ores  such  as  are  typified  by  the  Bullion 
Coalition  sample,  its  analysis  (Table  60)  is  much  like  that  of  the  lead- 
iron  middlings  except  that  the  percentage  of  gangue  materials  is  some- 
what higher  and  the  most  valuable  metal  content  outside  of  the  lead 
and  zinc  was  silver.  The  material  being  in  lumps  as  mined,  could  be 
crushed  to  any  desired  mesh.  Extensive  tests  were  carried  out  with 
this  ore,  both  in  the  Christensen  down-draft  roaster  and  in  the 
Holt-Dern  shaft  roaster. 
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Without  giving  in  detail  the  mass  of  data  collected,  the  following 
may  be  said  to  he  the  general  results  of  the  tests  of  this  material. 

When  roasting  such  pyritiferous  material  in  the  Holt-Dern  shaft 
furnace  the  high  sulphur  content  made  it  burn  too  hot  when  enough 
air  was  supplied  to  sinter  it.  On  that  account  the  column  of  mate- 
rial, crushed  to  pass  a  12-mesh  screen,  was  roasted  with  a  low  blast 
pressure,  nearly  eight  hours  being  required  for  the  roasting  zone  to 
travel  upward  through  1  foot  of  charge.  Under  these  conditions  ele- 
mental sulphur  distilled  from  the  pyrite  in  the  layer  above  the  roast- 
ing zone  and  condensed  in  the  colder  layers  higher  up  in  the  furnace. 
When  the  fire  came  through  the  top  of  the  charge  the  large  amount  of 
accumulated  sulphur  distilled  out  but  tended  to  make  the  material 
on  top  run  into  a  matte.  This  trouble  was  less  pronounced  under  low 
blast  pressure  with  slow  roasting  than  under  high  blast  pressure  with 
fast  roasting. 

The  part  of  the  charge  next  the  walls  of  the  furnace  was  always 
loose  after  roasting,  whereas  the  middle  part  seemed  to  be  better 
roasted  and  stuck  together  enough  to  be  lifted  from  the  furnace  in 
fairly  adherent  lumps.  In  the  earlier  tests  two  complete  sets  of 
leaching  tests  were  run,  one  on  the  cores  and  the  other  on  the  loose 
outside  parts  of  these  roasts.  However,  the  extractions  of  metals 
obtained  were  about  the  same  for  the  two  samples.  In  the  later  tests 
the  whole  calcine  was  sampled  for  leaching. 

Five  to  twenty-five  per  cent  of  the  lead  volatilized  during  roasting  and 
the  rest  of  the  lead  was  leached.  As  high  as  90  per  cent  extraction  of  the 
lead  is  possible  by  "Holt-Dern"  roasting  and  leaching,  the  highest  ex- 
traction being  obtained  by  the  use  of  the  lowest  roasting  tempera- 
tures. The  silver  extractions  varied  from  1.5  per  cent  with  fast 
roasting  to  60  per  cent  with  slow  roasting  and  an  acidified  brine  leach. 
One  serious  drawback  to  using  this  method  is  the  large  amount 
of  zinc  that  is  roasted  to  soluble  form.  As  much  as  35  per  cent  of 
the  zinc  is  extracted,  largely  by  the  leaching  solution,  when  good 
conditions  for  lead  extraction  are  obtained.  This  would  necessitate 
electrolytic  precipitation  of  the  lead  from  the  leaching  solutions. 

In  the  Knight-Christensen  roaster  with  shallow  bed,  more  favorable 
results  were  obtained,  as  the  troubles  from  matting  of  the  charge 
with  elemental  sulphur  were  minimized.  In  most  of  the  roasts  in 
which  10  per  cent  of  sodium  chloride  was  added  to  the  charge,  more 
than  90  per  cent  of  the  lead  could  be  recovered  and  50  per  cent  of  the 
silver.  The  low  extraction  of  silver  is  one  of  the  greatest  disadvan- 
tages of  the  method  and  makes  it  applicable  only  to  ores  of  low  silver 
content.  About  25  per  cent  of  the  zinc  goes  into  the  leaching  solu- 
tion after  the  material  is  roasted  in  this  roaster.  About  one-third  of 
this  zinc  is  in  the  form  of  zinc  sulphate  and  zinc  chloride;  the  rest  is 
zinc  oxide.     As  in  previous  tests,  the  volatilized  lead  chloride  was 
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found  to  be  mixed  with  a  considerable  amount  of  elemental  sulphur 
distilled  from  thepyritein  the  charge,  [n  disposing  of  the  sulphur 
it  would  probably  l>o  just  as  well  to  recover  it  for  sale,  in  a  single 
small  crucible  test  the  fume  was  mixed  with  lime  and  fuel.  Mosl  of 
the  lead  was  reduced  to  metal  and  calcium  chloride  Blag  was  formed. 
Tho  sulphur  was  distilled  and  condensed  as  Low-grade  elemental  sul- 
phur not  containing  any  arsenic  or  <>i  her  volat  ile  const  it  uents  of  the 
fume.  This  tost  was  on  too  small  a  scale  to  have  any  quantitative 
value. 

TEST   OF   MATERIAL   FROM   BINGHAM   MINE  IN   UTAH. 

The  next  material  tested,  that  from  Bingham,  Utah,  i-  partly 
oxidized  and  can  not  be  treated  successfully  by  either  gravity  con- 
centration or  by  flotation.  The  zinc  content  is  low  so  that  the  ore 
is  being  shipped  to  the  smelters  under  special  contracl  as  low-grade 
material  valuable  for  lead  and  silver  and,  to  a  minor  extent ,  for  copper. 
A  metallurgical  treatment  capable  of  application  at  the  mine  would 
eliminate  freight  costs  and  smelter  costs,  with  a  good  chance  of  being 
a  profitable  venture. 

With  tho  Holt-Dern  roaster  there  was  no  difficulty  in  obtaining 
good  results.  It  was  found  that  the  roast  could  be  run  as  rapidly  a 
desired  and  with  little  sintering.  The  material  was  ground  to  pass 
through  a  12-mesh  screen.  Whenever  sintering  did  take  place  the 
sinter  was  soft  and  was  readily  broken  and  leached.  Ninety-five 
per  cent  of  the  lead  and  60  per  cent  of  the  silver  could  be  dissolved 
without  difficulty,  but  only  20  per  cent  of  the  zinc  was  extracted  ; 
the  material  was  low  in  zinc,  the  proportion  of  that  metal  entering 
the  solution  was  so  small  that  precipitation  of  the  lead  with  lime 
was  permissible.  Only  a  small  proportion  of  the  lead  extracted  was 
volatilized ;  most  of  it  was  obtained  from  tho  leaching  solution.  Seem- 
ingly, the  character  of  the  gangue  makes  this  material  easy  to  treat 
by  this  method  and  permits  high  extractions.  The  results  are  an 
example  of  tho  great  difference  in  physical  and  chemical  character- 
istics of  different  ores,  as  the  other  materials  tested  previously  had 
been  rather  hard  to  treat  successfully.  It  would  also  seem,  from 
observation  of  the  roasts,  that  the  content  of  sulphur  in  this  ore 
was  about  the  largest  amount  that  can  be  used  to  make  the  ore  self- 
roasting,  and  yet  not  cause  sintering. 

Roasting  the  ore  in  tho  Knight -Chris  tensen  down-draft  roaster  was 
even  more  successful  as  regards  the  recovery  of  silver;  a  number  of 
tests  showed  an  80  per  cent  extraction.  When  roasting  was  fol- 
lowed by  an  acid-brine  leach,  the  lead  extractions  were  uniformly 
higher  than  90  per  cent.  About  a  third  of  the  zinc  was  dissolved  by 
the  leaching  solution.  The  lead  obtained  in  fume  by  volatilization 
never  amounted  to  more  than  30  per  cent  of  the  total  lead  content. 
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From  these  tests  one  can  conclude  that  when  the  ore  treated  does 
not  contain  too  much  sphalerite  and  pyrite,  the  roasting  is  easy, 
and  high  extractions  of  both  the  lead  and  the  silver  are  possible. 
Hence,  it  would  seemingly  be  better  to  remove  the  lead  and  the  silver 
from  the  ore  by  this  method  before  the  zinc  sulphide  is  concentrated 
rather  than  to  try  to  remove  the  lead  from  a  complex  of  the  two 
sulphides  concentrated  from  the  gangue.  This  type  of  ore  most 
assuredly  deserves  further  attention  on  the  part  of  those  who  are  now 
exploiting  such  materials. 

EXPERIMENTS     WITH     MATERIAL     FROM     NORTH     STAR     DUMP, 

HAILEY,   IDAHO. 

Tests  were  also  made  of  the  material  from  the  North  Star  mine 
dump,  near  Hailey,  Idaho.  Contrary  to  the  experience  with  the 
Bingham  ore,  most  of  the  lead  (60  per  cent)  would  volatilize  during 
down-draft  roasting  no  matter  what  the  air  pressure  or  the  proportion 
of  salt  used  in  the  roast.  As  good  extractions  of  lead  and  silver 
could  be  obtained  by  using  3  per  cent,  based  on  the  weight  of  the  ore 
used,  as  with  20  per  cent  of  salt.  An  extraction  of  about  85  per  cent 
of  the  lead — 60  per  cent  by  volatilization  and  25  per  cent  by  leach- 
ing— was  uniformly  possible  when  the  leaching  was  with  acidified 
brine.  In  these  tests  only  about  10  per  cent  of  the  zinc  usually 
appeared  in  the  leaching  solution;  the  rest  was  not  converted  to 
soluble  form  and  remained  in  the  leached  tailing.  The  ore  sinters 
easily  and  could  thus  be  spoiled  for  leaching  by  careless  roasting.  An 
attempt  to  float  the  zinc  sulphide  in  the  tailing  was  successful,  al- 
though the  zinc  concentrate  contained  only  42  per  cent  zinc  and  the 
extraction  was  only  75  per  cent.  Because  of  the  complex  charac- 
ter of  this  ore,  and  the  fact  that  the  zinc  content  exceeds  the  propor- 
tion that  the  lead  smelters  accept  without  penalizing,  it  would  seem 
that  removal  of  the  lead  and  silver  by  roasting  and  leaching,  followed 
by  notation  of  the  zinc  to  form  zinc  concentrate  which  would  other- 
wise be  lost,  should  be  well  worth  considering. 

MATERIALS   FROM   MINES   NEAR   PINE    CREEK,  IDAHO. 

The  samples  from  the  Douglas  and  the  Constitution  mines,  Pine 
Creek,  Idaho,  represent  material  from  practically  the  same  ore  bodies 
but  from  adjoining  claims.  The  Douglas  ore  is  one  of  the  ores 
being  treated  in  the  electrolytic  zinc  plant  of  the  Anaconda  Copper 
Co.  at  Great  Falls,  Mont.  The  ore  from  these  two  mines  is  so  com- 
plex that  the  unaided  eye  can  distinguish  no  crystals  of  usually 
recognizable  minerals.  The  galena,  sphalerite,  pyrite,  and  other 
constituents  are  so  intimately  mtergrown  that  the  mass  is  dull  black, 
like  manganese  ore.     Examination  of  a  polished  section  of  this  black 
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aggregate  under  a  high-power  microscope  reveals  the  facl  thai  the 
minerals  are  all  present  in  distinct  types,  and  are  not  combined  in  a 
" chemical  compound/'  as  some  persons  claim.  Under  magni- 
fication the  sphalerite  is  Been  to  be  yellow  and  the  pyrite  has  its 

proper  ••.dor.  There  is  a  great  deal  of  I  his  complex  ore  i  hroughout  I  he 
Toiler  d'Alene  district. 

In  the  down-draft  roaster,  with  6  to  10  per  cent  Bait,  the  Douglas 
ore  was  self-roasting.     It  is  possible  to  volatilize  more  than  90  per 

cent  of  the  lead  and  leach  ahoiit  25  per  cent  of  the  silver.  Ahout  20 
per  cent  of  the  zinc  volatilizes  and  .">  to  10  per  cenl  i-  leached.  A 
draft  of  only  one-half  inch  water  lm.l'c  is  sufficient  in  roasting  this 
ore. 

The  material  from  the  Constitution  mine,  on  the  other  hand,  could 
not  be  treated  with  any  success.  It  was  dillicu.lt  to  volatilize  more 
than  50  per  cent  of  the  lead,  and  only  10  to  20  per  cent  more  could 
be  leached.  The  cause  of  this  great  difference  in  two  ore-  supposedly 
from  the  same  ore  /.one  is  not  known. 

COMPARISON   WITH   ELECTROLYTIC   METHOD. 

As  regards  the  comparative  merits  of  the  method  used  in  those  tx 
and  that  of  making  electrolytic  zinc  from  a  solution  of  zinc  sulphate 
leached  from ''dead-roasted  "ore,  it  is  known  that  the  electrolytic  treat- 
ment does  not  extract  much  more  than  70  per  cent  of  the  zinc,  because 
of  the  difficulty  of  converting  zinc  sulphide  to  sulphate  by  roasting. 
Zinc  sulphide  is  the  hardest  of  the  sulphides  to  roast  on  a  large  scale. 
Consequently  in  treating  such  material  only  enough  zinc  is  removed 
to  permit  the  residue  being  smelted  in  a  lead  smelter  for  the  silver. 
gold,  and  lead.  In  the  chloridizing  and  leaching  method  only  the 
lead,  which  is  easily  converted  to  soluble  form,  and  about  one-third  of 
the  silver  is  recovered.  The  zinc  sulphide  which  remains  in  the  resi- 
due can  be  recovered  by  flotation,  in  some  ores  by  shipment  of  the  zinc 
to  the  zinc  smelter.  As  regards  costs  of  installation  and  operation, 
the  chloridizing  method  of  removing  Lead  should  have  the  advantage 
over  the  electrolytic  zinc  process,  as  long  as  silver  results  are  disre- 
garded. In  treating  material  with  a  high-silver  content  the  elec- 
trolytic zinc  process  will  have  to  be  used,  but  where  the  silver  content 
is  low  or  negligible  the  chloridizing  method  is  to  be  preferred  on 
account  of  its  simplicity  and  cheapness. 

In  general,  it  may  be  said  that  chloridizing  volatilization  or  chlo- 
ridizing roasting  and  leaching  does  not  solve  the  general  problem 
of  treating  complex  sulphides,  but  only  certain  special  phases  of  it. 
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GENERAL  SUMMARY. 

1.  The  application  of  new  hydrometallurgical  and  other  methods 
has  been  made  to  the  following  ore  types: 

(</)  Oxidized  lead  ores. 

(b)  Oxidized  lead  ores  containing  precious  metals. 

(c)  Oxidized  lead-zinc  ores. 

(d)  Simple  sulphide  ores  of  lead. 

(e)  Leady  zinc  concentrates.    * 
(/)  Lead-iron  sulphide  middlings. 

(g)  Complex  sulphide  ores  of  lead,  zinc,  iron,  and  copper,  with  or 
without  precious  metals. 

2.  It  has  been  found  that  a  saturated  solution  of  sodium  chloride, 
common  salt,  is  a  good  solvent  for  lead  chloride  and  lead  sulphate 
and  in  all  of  the  leaching  rests  reported  herein  brine  leaches,  with  or 
without  the  addition  of  sulphuric  acid,  were  used. 

3.  The  lead  may  be  precipitated  with  lime  from  solutions  that  are 
not  contaminated  with  other  elements,  and  by  electrolysis  when  the 
solutions  are  contaminated. 

4.  Three  alternative  methods  have  been  tested  in  the  treatment  of 
materials  containing  oxidized  lead,  as  follows:  Sulphidizing  and  flo- 
tation, acid-brine  leaching  of  the  raw  material,  and  volatilization  of 
the  lead  with  the  recovery  of  lead  chloride  fume.  All  ores  do  not 
yield  to  flotation,  and  only  those  that  do  not  contain  excessive  pro- 
portions of  acid-consuming  constituents  yield  to  acid-brine  leaching, 
whereas  nearly  all  the  materials  tested  have  yielded  to  the  volatili- 
zation method,  irrespective  of  the  kind  of  gangue. 

5.  The  oxidized  ores  of  lead  are  usually  argentiferous,  but 
occasionally  some  gold  is  also  present.  Silver  is  often  present  in 
considerable  amounts  as  the  chloride,  which  is  soluble  in  acid  brine. 
The  sulphide  of  silver  is  only  slightly  soluble  in  acid  brine,  so  that 
the  acid-brine  method  of  treating  oxidized  lead  ores  usually  fails  to 
give  good  extractions  of  the  silver.  Sulphidizing  and  flotation,  where 
applicable,  usually  extracts  the  precious  metals  together  with  the 
oxidized  lead  minerals.  However,  the  experiments  described  herein 
have  shown  that  the  precious-metal  minerals  are  not  necessarily 
intercrystallized  with  the  lead  minerals  and  usually  will  be  extracted 
in  smaller  proportions  than  is  the  lead.  Chloridizing  roasting  and 
leaching  give  better  results,  although  the  best  conditions  seem  to  be 
those  where  only  part  of  the  lead  chloride  is  volatilized,  the  rest  of 
the  lead  being  leached  with  the  silver  and  the  gold.  By  raising  the 
temperature  of  the  roast  to  900°  C.  or  more,  the  silver  and  the  gold 
will  be  volatilized  with  the  lead,  making  leaching  unnecessary. 

6.  Treatment  of  the  oxidized  zinc-lead  ores  is  more  difficult.  Sul- 
phidizing and  flotation  will  often  remove  the  lead  minerals,  together 
with  any  silver  that  might  be  present,  but  much  of  this  ore  contains 
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Bulphup-consuming  constituents  that  make  sulphldizing  difficult. 
The  lead  can  be  removed  by  the  chloridizing  and  volatilization 
method,  although  some  of  the  zinc  tends  to  accompany  it.  using  up 
salt  and  lowering  the  extraction  of  lead. 

7.  The  simple  sulphide  ores  of  lead  may  be  treated  by  the  \<>lati- 

lization  method,  or  by  chloridizing  or  Bulphating  roasting  followed 
by  brine  leaching.     Where  silver  is  present  chloridizing  roasting  and 

leaching  seems  to  be  the  most  successful  method  and  promises  to 
compete   with    gravity    concentration    and    flotation,    followed    by 

smelting. 

8.  Lead  can  be  removed  from  leady  zinc  sulphide  concentrates 
without  affecting  the  zinc  sulphide,  by  a  quick  chloridizing  and  vola- 
tilization. The  lead  chloride  fumes  can  be  caught  in  an  electrical 
precipitator,  and  converted  into  metallic  lead  by  fusion  with  lime 
and  carbon,  yielding  a  calcium  cldoride  slag  which  is  a  desirable  sub- 
stitute for  salt  in  chloridizing  and  volatilization. 

9.  Lead  may  be  extracted  almost  completely  from  lead-iron  sul- 
phide middlings  by  the  volatilization  method  mentioned.  Silver,  if 
present,  usually  does  not  chloridize  well  and  does  not  volatilize;  also 
brine  leaching  gives  rather  low  extractions  of  silver. 

10.  Extraction  of  the  lead  from  the  complex  mixed  sulphides  of 
lead,  zinc,  copper,  iron,  and  the  precious  metals  by  the  volatilization 
method  is  likewise  possible.  Very  little  of  the  copper,  silver,  or  gold 
is  chloridized  in  this  method  and  hence,  even  after  chloridizing  leach- 
ing, these  metals  remain  with  the  zinc  sulphide.  The  iron  sulphide 
is  generally  converted  to  ferric  oxide  in  roasting,  giving  the  material 
the  appearance  of  having  been  thoroughly  roasted.  However,  the 
unaltered  sulphides  of  zinc  and  copper,  and  any  residual  lead  sul- 
phide, can  usually  be  removed  from  the  roasted  material  by  fine 
grinding  and  flotation,  the  iron  being  left  in  the  residue. 

11.  The  methods  mentioned  cover  most  of  the  important  places  in 
which  lead  losses  occur.  Possibly  certain  flue  dusts  from  lead  smelt- 
ers could  be  advantageously  treated  by  brine  leaching,  as  the  lead 
in  the  flue  dust  usually  consists  of  basic  lead  sulphate  and  lead  oxide 
which  are  soluble  in  such  a  solution.  However,  no  experiments  were 
made  with  such  dusts. 

12.  Some  of  the  proposed  processes,  from  a  study  of  their  probable 
costs,  deserve  serious  consideration,  as  they  promise  to  be  cheap  and 
usually  give  higher  extractions  of  metal  than  are  possible  by  the 
usual  ore-dressing  methods.  The  fact  that  most  of  them  produce 
metal,  not  concentrate,  will  particularly  recommend  them  to  locali- 
ties distant  from  smelting  or  transportation  facilities.  Also,  methods 
adapted  to  arid  conditions  in  arid  regions  are  presented  that  should 
be  of  importance  in  the  exploitation  of  the  low-grade  lead  ores  in 
some  western  districts. 
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